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Thb art of irarming and rentilating buildings in a 
manner most conducive to health, convenience, and 
eeonomf) has been discussed during many years with 

earnestness which has increased with the increasing 
interest of the public. The scientific Chemist, the 
popular Lecturer, the Engineer, and we may hope in 
Rome cases the Architect aiid the Builder, have not 
faUed to convince their readers and hearers how and 
why it is that constant supplies of pure air are even 
more necessary to health than the artificial warmth by 
which the rigours of our uncertain climate are mitigated. 
More than one-half the diseases which afflict humanity 
have been referred to the breathing of impure air, and 
i large proportion of our ailments certainly originate in 
our imperfect methods of warming. 

Admitting, then, the importance of the subject, it 
seema to be equally important to furnish the public with 
accurate information thereon, in a cheap and popular 
form. The art of warming and ventilating depends 
on natural principles of great beauty and generality, 



whicli have been clearly made out by the scientific 
chemistry of the last three-quarters of a century. 
These principles are expounded at some length in the 
following little work, now issued for the third time 
but as their application involves a description of other 
mcn'a inventions, and a compilation from other men' 
books, I have made free use of the labours of writers 
who have preceded me on the subject; but I am not 
aware of having taken a single line from any one without 
due acknowledgment, even though most of the books 
referred to have little more than a historical interest. 
Some valuable Parliamentary Reports, General Morin' 
recently published Eludes sur la Ventilation, and the 
general progress that has been made in the subject 
during the last ten yews, have entailed considerable 
labour on me in preparing this New Edition, The 
object has been, not to produce a technical work, but 
to explain to the general reader, whether lady or gentle- 
man, the vast importance of the art of warming and 
ventilating, and the principles on which the successful 
practice of the art depends, whether in one's own house, 
or in a public building. I have also introduced 
number of historical details which are curious and 
interesting, not only as marking the slow growth of 
real improvement, and the difficulty men have in grasp- 
ing a new idea if a change of habit is involved i 
acceptance, but also as illustrating some of the varied 
phases of our common nature. It is hoped that these 
amusing details will not make the book less interesting 
to those who seek to become acquainted with the beau- 



PREFACE. y 

tifal laws on which warming and ventilation depend; 
liie principle of the latter art being, in fact, identical 
with that by which nature ventilates our globe — a hot 
ascending current from the warm regions, while the 
cooler air streams in at a lower level from the temperate 
regions. 

Kino's Coi.leoe, London. 
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INTRODUCTION. 

ox THE THYSICAL AND CHEMICAL PRINCIPLES CONCERNED IN 
THE ART OF WARMING AND VENTILATION. 

An inquiry into the constitution and uses of our atmosphere 
in the economy of nature and art, is calculated to promote a 
solemn feeling of admiration and gratitude. This wonderful 
creation encloses within its capacious curves, like a vast dome, 
the widely extended kingdoms of nature, to which it ministers 
materials for growth, health, and enjoyment, and by its trans- 
parency reveals to intelligent beings a glimpse of other crea- 
tions beyond its limits. At one time, it stands in simple 
[ grandeur as a vault of tender blue, displaying the glorious sun 
and the landscape smiling beneath ; at another time, its sur- 
face is chequered with fleecy clouds, — " the beauteous sem- 
blance of a flock at rest," — or alpine heights of more than 
silvery brightness, or huge piled-up masses, dark and frown- 
ing ; all contributing to form wondrous variety and beauty in 
the aerial scenery, and giving to the landscape below the ever 
varying charms of light and shade. Again, the blue ot this 
Bplendid ceiling becomes deeper and deeper, and bright golden 
points shine out here and there, increasing in number until 
the whole surface appears as if richly studded with gems. 

If these great and glorious sights were of rare occurrence, 
or could only be witnessed from a few chosen spots on the 
earth's surface, they would stimulate our curiosity, and we 
should eagerly hasten to those spots, or read the descriptions 
and gaze at the pictures which travellers ai\4 w\AsX?»\iTA 

B 
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prepared for ua. But their oomnion occurrence eansea thi 
to be viewed with indifference. There are also many hiddt 
wonders conoeeted with tlie atmospliere equal in beauty 
those which appeal directly to the eye, but requiring stui 

' for their due appreciation. The atmosphere ia a aoene 
inceMant restless activity. The heat of the tropical eun npoa 
the earth sets the air in motion, rarefies and causes it to 
ascend; meanwhile the sir from cooler regions rushea to- 
wards the equator to supply the impending vacunm, and it 
performs various useful offices on its way. Here it is ih» 
trade wind or the mousuou ; there it ia the sea or the land 
breeze ; in a third place, it is the hill and valley breeze — all. 
giving health and refreshment to places wbiuh OtharwJM. 
might be uniuhabiiable. Meanwhile the heated ascending 
air of the equator proceeds on its useful raission in the 
direction of the poles, forming an upper current, descaodin^. 
in flume places and mitigating the cold of temperate regional 
afi the under cnrrent tempera the heat of tropical climeb' 
The heat, too, which gives force and activity to these aer 
curreutB or vast natural ventiktora, also raises the waters 
the ocean and charges the air with moi»turo ; this moiatg 
ascends and forms clouds, tlioae buay and active water-c< 
riers which traverse the unobstructed regions of the sky, ai 
pour down their treasures on the city and the plain, and i 
the desert where no water is, tilling the mountain 
whence gush out the springs and rivers ; and these descei 
in a meandering course, and diii'uae beauty and hlesaing <; 
ibe lower lands long after the rain cloud has been dissolvei 
It is the resistance of the atmosphere that causes the rain \ 
come down in gentle drops, and thus gradually to difEtiBS i 
rctreshing influence, instead of falling in torrents and csti 
racts, as it otherwise would, without the retarding and sepi 
rating infiuecce of the air. It is the atmosphere whie 
diepenses the white fleecy flakes of suow to the temporal 
regions, whereby the earth is covered and protected from tl 
chilling influence of a low temperature ; the air, loo, is tl 
region of mists and fogs, which bring moisture in a still mn 
groduol manner ; a cobi cnrrent of air blowing over n wftrmi 

etratiim of air, and cooliflg it, thereby readuring its muistw 
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aher aun-set, Uie river may he warmer than thii 
and the escaping vapuur condenscB into large rolling 
mosses. But we especially notice the liaueficial effects of 
differences of temperature between the air and the earth in 
llie fbnuatiou of dew ; the moisture which the beat of the 
tifty bad exhaled from the earth ie depasited ivhcn a cluudleBa 
sky aDowB (he earth tu radiate its heat into space, and to 
cool down beluw [he temperature of the air ; tlie refreehiDg 
moisture is then eoudeuBed upon vegetation and upon eur- 
Gtcea n'here it is most needed. 

Not only are we able to trace in the atmosphere those 
gr^at and regular motions wliich bring about an interchange 
between the air of the equator and that of either pole, but 
there are other motions, apparently more fitful and irregular, 
in the winds, which blow from all points of the compass, 
and tend perpetually to restore the ecuiilibriura of heat and 



Bow wonderfnl, too, is the action of the atmosphere on 
light. By its means the sun's rays are diffused, and their in- 
Soence extended from the sunahine to the shade. Were it 
not for the atmosphere, the sun would shtue in an intensely 
dark aky, and no object would be visible unless the solar rays 
fell directly upon it. Sun-set would be a sudden transition 
bora light to darkness ; and enn-rise a painful change from 
intense darkness to intense light. But under the present 
■wue and providential arrangement, the transition from day 
to night is calm and peaceful ; the sun departs in splendour, 
Uln a mOnareh atte:ided by a gorgeous court, leaving a mild 
and BUhdned scene of beauty behind ; the soothing infiuences 
of evening gradually steal upon ns, and new scenes of wonder 
and beauty gradually become unfolded. After some hours of 
peace and rest, the portals of the eastern sky slowly open, 
and one rosy raessenger after another asceuds to annoaace 
tiie advent of the king of day. 

In addition to theae complicated duties which the atmos- 
phere has to jierform, there are yet others still more wonder- 
fal. A largtf number of the operntiocs of nature are, as it 
were, dn^-nurreotypcd in the nir in such a manner, as to 
wnvev lo BeDtieat and latelligeut CTeatatea mlo'na&^i.D^ ^'^ 
B 2 



what is going on. Tlie murmuring of waters, the tinkling o 
rilla, the whispering of winds, the Bound of the forest in tho^ 
blast, the rush of the cascade, the roar of the ocean, and the 
roll of the thimder, ore only certoin motions among material 
lindiea, which impress their own. peculiar charactera on thf 
.lir, and form what are called sormds. Sounds Are of 8 
Tiumerous and, at the same time, of so distinctive a charnctet 
tliBt a large portion of every language is appropriated t 
their precise description. Thus, to define a few of the sonndl 
emitted by certain animalfl, we apeak of the lowing of cattle,.' 
the bleating of sheep, the cawing of rooks, the cooing of 
pigeons, the hissing of snakes, and many others. Thess'i 
sounds, expressive of certain wants and motions, feelings and' 
sympathies, have, doubtless, an intelligent meaning among the 
respective species of animala to which they apply ; but b 
i>ound and its perception are nliko dependent on the atm 
phere. The phenomena of sound and of hearing, howei 
obtain their most perfect and exalted development in articu: 
late speech, by which intelligent and responsible creatura 
are enabled to shape air into words, those swift and winged 

messengers by which we express onr wants and feelinj " 

which we advise, instrnct, or admonish others, share in thei 
joys, their sorrows, and affections. Inferior only to artioulat 
speech is the language of music, which, like the heautj 
produced by form and colour, is an invention calculated t " 
promote the happiness of man. 

The uses of the air in the arts of Ufa are innumerable. 1 
is the cheapest and most effectual prime mover; we ban 
merely to supply the tools, the machinery, and the work ti 
be done, and it will labovir with untiring activity. It 
our ships over every sen, turns our mills, raises water A 
our pumps, accompanies the diver in the diving'bell, heti 
lip the balloon, feeds our furnaces: but here we come to I 
distinct series of valuable offices performed by the atmoa 
phere, if possible even more extensive and important thaj 
those already referred to. The chemical history of thi 
atmosphere is even mora wonderful than the physical,* 

' T//C phni'^l propeniea of the atmoaphera ore invesdeated "m " Rod 
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will now require, for tlie object of the preaenf eaany, n few ■ 
details. 

The alrnDsjiliere id composed eBsentially of two gases, in a 
state of mecliunit!al mixture, named oxygen and nitrogen. Iti 
itepnre etate, ojtygen ia chiefly remarkable for its energetic 
properties in promoting combnstion, combination, and varions 
Other cLeniical changes. A taper, with a mere spark of fire 
in the wick, will, when plunged into oxygen, burst into flame, 
UiiJ bom brilliantly; iron wire, iniide red-hot at one extre- 
oily, will burn away with the grentefit ease in this gas. An 
animal, in an atmosphere of pure oxygen, suffers from excess 
of vital action ; its pulses throb with increased rapidity and 
vigour ; the yital spark, as it were, bursts into flame, and 
ileatroyH the animal. Nitrogen (or, as it is sometimea called, 
axole) ie apparently ns inert in its properties as oxygen is 
Active. It supports neither life nor combustion, and one of 
ilB uses, if not its principal use, in the atmosphere, seems to 
be to tlilute the oxygen, and to subdue the wonderful energy 
of this vigorous element to the endless number of useful pur- 
poses which it has to perform in ibe economyof nature. The 
proportions in which these two gaseous bodies are mingled 
Bts very nneqnnl ; every atom or particle of oxygen in the 
atmosphere ia accompanied by four atoms or particles of 
nitrogen ; or, in other words, if wa taie a measure of any 
capacity, divided into live equal parts, and decant into it four 
ftita of nitrogen and one part of oxygen, we get a mixtore 
wbidi, ns regards the rougher tests of respiration and com- 
bOfltion, is identical with pure atmospheric air. 

Id the great chemical operations of nature which are 
dependent on the atmosphere, oxygen paasca through various 
mutations, and enters into new combinatioue, which form, the 
basis of grand and wonderful contrivances. Some of the 
most important of these operations depend on the process of 
combilBtion, of which the following is a simple illustration ; — 
A piece of wax taper (Fig. 1), fixed in the centre of a cork, 
it lighted and floated on the surface of water in a shallow 
iitth ; if (his be enclosed within a bell glass, the mouth of 
wliifh dips into the water and rests on the dva\i,tlve. o.\^ o^ 
the fflass \ri!l be cut off from any commm\ica.d(i\\ ■«\\\\ "i^i 




COMBUSTION ANn ITS RESULTS. 

ere. The flame of tlie taper will 

lid ill a few aeconds bo extingnished, Ow-, 

examining the air left iu the glass, it will 

be found iucajinble of supporting nnimal 

or conibuBtion : four-fifths of the 

ioal bnlk of air is Btill nitrogen, and. 

this is apparently iinohanged ; the remda- * 

5 fifth is no longer oxygen, but a ooia- 
pound of oxygen with the oarhoa taii^ 
^ iiydtogen of the flame — oxygon end oat-: 
1 producing carbonic acid, and oxygflV: 
Fig- 1- and hydrogeu produciug water, which, 

the form of vapour, condensea on the inner Burface of the glai 
How the product of cooibnstioii, called carbonic acid, 
incapable of supporting life and combustion, and thiis t 
Bemblea nitrogen. But there are important differeneni 
between them — nitrogen is a little lighter than ila own bid! 
of atmospheric nir; carbonic acid is considerably 
nitrogen is an elementary or siniplo substance — that 
which has never yet been resolved into two or more (iiaBimil 
parts ; carbonic acid, on the contrary, is a compui 
of being separated or decomposed into carbon or cbarcnol 
and oxygen. Moreover, pure nitrogen, siiaUan up in a boUj 
with a iitrie lime-water, prodnces no change on the lima 
water; carbonic acid renders it turbid, by combining wi(l 
the lime and renderii g it irsol lie litiogen is scarc^ 
absorbed by water, but tenter nbsoibs its \\n volume of eali 
bonic acid ; nitrogen has no tnstc or amell carboi ic acid lis 
a sharp taste and an acid react on Hence it will be sea 
that thpse two bodies, which have the conm n jr pnrty (i 
extingnishiug Ufe and preventing combustion, are marked 1i* 
chorT-teristic differences 

Some idea may be formed of tl e enormous demands 01 
the oxygen of tho atmosphere for sipporting combiiswoB 
from the fact, that a single iron furnace burns or coisumei 
in the coarse of twenty-four hours, not less than three huiidr* 
and ten tons weight of atmospheric air, or as much as woni 
be regnircd for the respiration of two hundred thouaani 
iaman beiaga within tiie same period. 



Carbon, whlcli forme the solid basie of moat fuel, and in a 
numitcly divided state reiiderB flame luminous, ia a simple 
Bubatance, and eKislB in nature under a variety of forme. Ite 
pnteet form is the diamond, as is proved by the formation of 
caiboiiic acid only, when it is burnt in pure oxygen. Char- 
coal and coke are other well known forms of carbon, the one 
obtained from wood and the other trora coal. Coal ie a. 
eompoand of carbon, hydrogen, nitrogen, and oxygen, with a 
mineral and earthy reeidue. Wax, tallow, &c., are com- 
pounds of carbon, hydrogen, and oxygen. 

Hydrogen, which le the eonrce of all common flame, ia the 
lightest BubEtance that hae ever been weighed : it ia more than 
fourteen tiraea lighter than ita own bulk of atmoepherie air 
at the eame temperature ; it supports neither bfe nor combue- 
tiou, A lighted taper planged into it ia extingniehed, but the 
Itydrogen itaelf takea fire and burns at the mouth of the jar, 
wbere it is in contact with the oxygen of the air, with which 
lE unites and forms water. One volume of oxygen combines 
wiHi two of hydrogen to forra water ; or by weight, one 
grain of hydrogen unitea with eight grains of oxygen, and as 
Qio hydrogen is sixteen times lighter than its own bulk of 
oxygen, it follows tliat one grain of hydrogen will occupy 
tmice the bulk of eight grains of oxygen. Pure hydrogea 
barnB with scarcely nuy light ; in the flame of our lamps, 
candles, gas-lightu, &<:.. the minutely-divided carbon, in rising 
lip through the flame, becomes white hot, and presents innu- 
IDM'able luminous points; at the exterior of the flame the 
oxygun of the atmosphere eeizes the minnte atoms of carbon 
W they escape, and, by combining with them, forms invisible . 
carbonic suid. A cold subatauce, such as a piece of glaas or 
matal. held over a flame for a moment will condense a por- 
tion of the carbon in a minntely-divided atnte. If a lamp 
have a deficient supply of air it will smoke ; that ia, a portion 
Cf the carbon of the flame will escape without combining with 
the oxygen of the air. Lamp-black is formed by burning oil 
in a close chamber, with a deficient supply of air. 

Hydrogen unites with nitrogen to form ammonia, for which 
pnrpoae three volumes of hydrogen are required to one of 
nitrogen. Tlii'a BabstaacB is pungent and actVi, ^I'i^ "«V«o. 
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dilated with air is an ngreeable stimulant. It is very aoluLle 
in water, which at the temperature of 60°, takea up 727 times 
its bulk of the gas. Ammonia ia an alkali, and combincn 
readily witli acids, producing an important olaea of ammo- 
niacal Baits, 

Nitrogen and oxygen combine to form nitric acid, one pari 
of nitrogen nniting with five parts of oxygen. Not only are 
-these nnmhers different from those which represent the com- 
position of the atmosphere, hut the mode of combination is 
different. The oxygen and nitrogen of the atmosphere are 
mixed mechnuically, just as a portion of fine snnd diffused 
through water may he said to mix with it without combining. 
In either case, the bodies preserve their own peculiar pro- 
perties ; or the properties of the coraponnd form a mean 
between those of its component elements. But in a chemical 
combination between two bodies, a third body is formed, 
the properties of which need not, and seldom do, resembla 
those of the component elements. Thus sulphur and oxygen 
combine chemicdly to produce aulphurons or sulphuric acid, 
substances the properties of which are quite different from 
those of the sulphur and oxygen which produce them ; the 
Bulpburous has also diflerent properties from the aulpliuric 
So with nitric acid : this compound has none of the properties 
of the constituents of the atmosphere, but a new set of pro- 
perties peculiar to itseif. This powerful acid may be formed 
artificially in ■various ways, but only one need here be men- 
tioned. By passing a auccesaion of electric sparks throngli a 
mixture of oxygen and nitrogen, this acid is formed; bo also, 
during a thunder-storm, the lightning slrildng through vast 
masaesofatmoapherio air, produces nitric acid, which, combin* 
ing with ammonia, also formed in the atmosphere, desoendR 
with the rain upon the earth in the form of nitrate of ammonia. 

Now the object for which these details have been brought 
forward, is to enable the reader to take an enlarged view of 
the process of combustion, for this, in fact, constitutea the chief 
means by wliich nature accomplishes her annual cycle. An 
accurate knowledge of the homely processes of wnrming and 
ventilation depends upon n clear insight into the principles 
efeoabaBtiou, and it h only au oft-repealed Ituicm, \ks.V wn. 
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useful arts become more efficient in praclice, more econoraicDl, 
and more conducive to our hnppineBs, in proportion to our 
knowledge of the principles upon wliicli (lioy depend. Mow, 
according to the common aeccptalii>n of the term, cnmbustiou 
is the rapid union of a combuatilile witli a eopportcr of com- 
bustion, vlieroby new compounds are formed, beat and light 
HCompunyiDg the formation. Thus a piece of iron wire or 
of phosphorous ignited and plunged into a. jar of oxygeu gas 
barne vtvldly, iho raetal falling in molten drops of oxide 
amid shon-ere of si- in til la t ions, and tbo phosphorus emitting a 
flood of painfully vivid light. In thia process, the oxygen 
and the iron unite to form it third sulmtance, oxide gf iron; 
tlie oxygen and the phosphoruB also form a third substance, 
phosphoric acid. If, however, the iron bo exposed Ions 
encugh to tha atmospliere, the oxygen will combine with 
it in precisely tbe eama manner, und ibrm oside of iron ; 
months or even years may be required for the completion of 
th6 process which in the jar of oxygen was accomplished iit 
a few seconds ; bat the result is the same. The same 
mnoniit of heat is evolved by the combinntioit of the oxygen 
and tite iron during the bluw process of rusting, as in the 
rapid process of burning. So abo witli the phosphoruB. A 
piece of this substance exposed to the air coinbiuca with the 
mma amount of oxygen, and evolves precisely as much beat 
during the time that it slowly M'astes away, and produces 
tJie same iveight of acid ns it n'ontd do if burnt in a jar of 
oxygen. 

Now it must be cvidfiiit, that if a process, rapidly brought 
abont in one case atitl slowly in another, produce the same 
results, we do uot luld to our knowledge by associating dif* 
ferenl names and different trains of thouglit with the one as 
oOffipored with the other ; on the contrary, we disembarrass 
tie fiubjcct by consideriog the processes as identical. Whether 
tba combustion be rapid or slow, it is etill combustion. 
Undoubtedly there are cases where slow combustion is not 
possible. A piece of cool and the oxygon necessary to its 
combusttoo may remain in contact for centuries without un- 
dergoing any change ; but the moment a spark of 6re is 
idlUied, they be^'iu to combine and aoon difiR^^BaT.-sM^ 
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all the more obvious phenomena of combnation. In auoh a 
case, nl! wo can aay ie, tbnt a high temperatnve is neceaaary 
for the cotnbinotiou ; hut tbiG case does nuL disturb the vieir 
we are endenvonring to irapreBB upon the reader, that combna- 
tion niBy he a very slow proceaa ae well as a very rapid One. 

Let Hs tnke another cam of combnstinn. If a portion of 
the solid food of animala be placed in a red hot platinnm 
r crucible, it will bnrn away ; its carbon will unite with oxygea. 
from the air and form eorbonic acid ; its hydrogen will nnit* 
wtii oxygen from the air and form water ; its nitrogen n 
escape free, or it may unite with a portion of ifa hydrogen, 
and form ammonia; and iu this way all the gaseous volatile 
prodiicta will be expelled from the crucible, leaving behind 
only a Binnl) portion of aah, which consists of salts, some of 
which are soluble in wdter and others inaohible in that fiuid. 

Now, in a chemical point of view, the living animal frame 
is a real apparatus fur combustion ; it ia a vital fornace 
which the cnrbon supplied by the fuel, which we call /ood, is 
burnt, and, combining with oxygen, escapes by the iQQgs 
and the skin into the atmosphere, under the form of carbonic 
acid. In this apparatus also the hydrogen of food ia burnt, 
and uniting with oxygen, CBCspea as aqueous vapour; the 
nitrogen of the air, as taken into the lungs, Ja again exhaled 
by teapiration, hut the nitrogen and aoluble mineral portions 
of the food are rejected, the one in the form of uric acid and 
ttrea, the other in the fluid form ; while the insoluble mineral . 
portions of the food are rejected in the aolid form. 

Now every portion of food which a person of mature age 
takes into his ayatera, ia thus diapersed from day to day. 
inl'anoy and youth a portion is retained to form materials for 
growth; in old age, the individual loses more than he re- 
f.i?ives, and, conseqnently wastes slowly away. But. in each' 
case, tlio natural proceijs ia aimilar to the artificial one repre- 
seiiled in the heated platinum crucible. We cannot, there- 
fian, reaist the evidence that the combustion of food, whether 
111 the animal or in tho crncibie, ia one and the saoio prooi 
the only difference being, that in tho crucible tho heat Is 
inJeiisc and tho procees rapid; in the animal, tlic heat ii 
moderate and tho process comparatively alow. That which 
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is called animal hest (CtS° Fahr.), ia in fact the beat of oom- 
bostton, and the object of the domeelic proccBBes of warmiog 
tnd ventilAlioD is to enable the aniojal to maintnin this heat. 
and to convey away the gaseous prodticte of combustion as 
fsit as they are formed. The soluble and insulnble produots 
of oonibuation are conveyed away by other natural means 
above referred to ; and it will be our duty hereafter to ahow, 
that it is as unwise to neglect the nieane for clearing off our 
gaseoos excretiona, as it would be insane and unnaloral to 
attempt to retain those of another kind. 

Another proof of the identity of the two processes, is that 
nature disposes of the ptoduets of combustion in precisely 
ihe BBme manner, whether derived from ordinary conibustioa 
or aoiinal respiration. The vegetable kingdom ia the grand "^ 
laboratory wherein these products of combustion are decom- 
poeed and elaborated into new combination b. Plants inhale 
or olworb carbonic acid, decompose it, retain the carbon as 
materials for growth, and relnrn the oxygen to the atmoa- 
|>faere ; plants absorb water or aqueous vapour, decom- 
poae it, retain its hydrogen, and also return the oxygen 
to the atmosphere; plants, it is imagined, sometimes take 
nitrogen directly from the air ; they certainly take it in- 
directly from ammonia or its Baits, inclnding nitrates. Thna 
it will be seen that the chemical function of plants is directly 
tbe reverse of that of aninials— the animal kingdom consti- 
tuting an immense apparntiiii for combustion ; the vegetable 
Idngdom an equally grand apparatna fur redaction, in which 
rednced carbonic acid yields carbon, reduced water its hydro- 
gen, and in which also reduced ammonia and nitric acid 
yield tlicir nitrogen, which ia built up with the other elements 
into more complex organic products. The organic matter 
which constitutes the food of animals ia destroyed by them, 
and rendered for the moat part inorganic ; this, in its turn, 
beeomea the aliment of plants, the materials with which plants 
elaborate organic compounds, the atmosphere serving as the 
neans of communication between the two kingdoms. Organic 
vegetable Bubstancea pass ready formed into herbivorous 
Kiimuls, which destroy a portion of them, and appropriate 
the remainder as matoriaJa for growth. From \i.iiT\>\N'jTCias. 
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animals these org;anic matteiB pass ready formed iuto ihi 
carnivorouB, who defitroy or retain aome of them, accordiiic 
to their wants. The herbivorous animals are slaughtered 
for the nee of the carnivorouB, and when these, in their tnm, 
caoBB to live, they decompose, and the atmosphere again takea 
up, in various ways and by various proceeaeB, the materiala 
of which they were cnmpoBed. 

The great atimnluB which gives motion to the wonderftil 
machinery of the vegetable world is solar light. Under itg 
influence, the carbonic acid yields its carhon, the wafer ita 
hydrogen, the ammonia ita nitrogen. It is not for the pur- 
pose of purifying the nir that plants are especially necessary 
to animals. Their great use is to furnieli a never-failing 
snpply of organic matter, ready prepared for assimilation — 
fiiel, in short, which animais can burn for their own nse. The 
purification of the air hy vegetation is a remote service ; the 
other service is so immediate, that if it were to fail us during 
a aingle year the earth would be depopulated.* The mean 
amount of carbonic acid in the atraouphere is scarcely one 
volume in 2,000, which is a surpriaingly small quantity, when 
we consider how numerous and productive are the sources of 
this gas. Volcanoes, fires, animals, fermentation, and decay, 
are oanstantly producing it, nor will the quantity given off by 
a aingle individual appear insignilicant, when it is stated that 
an adult man requires, for the purposes of respiration, during 
the twenty-four honrs, about 12-66 oz., or 16'73 cubic feet 
of osygeu, producing 28,912 cubic inches of carbonic acid. 
Aa the volume of that gas is equal to 85 per cent, of the oxygen 
inhaled, it haa been inferred (allowing 15 per cent, for the 
amount of oxygen fixed by hydrogen, &Ci) that not h 
^ 26'7 OK., or more than IJ lb. of osygea, are consumed daily 
by every adult ; and allowing 1-4 oz. of dry solid matter to 
be thrown off by the intestinal canal, and 2'2 oz. of solids by 

* The chemical rclatioDa bstwran the three great Idnj^ouia of n 
stUei! al greater length in oni " Eesay OD the Application of Chemi 
Agriculture," appended to Professot Fownea' " Ruflimcutaiy Chemiatiy 
the reader who doairea to pursue the Bnbject further, is re/erred to L.— .„- 
"Chemiatry in its ApplicalioQ to Agriculture," Profcsenr JohiiECniw's 1 
"Blementa of AKiiculInral Chemistry and Geology," and also ti ^ 
JU. Somas, aa the" Chemical Statistics of OrgatiiNd Eeinga." 
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, the wLole of Ihe remaiQin^' portion of the (006 
(exclusive of about 4-^ lbs. of water eliminated by tbe kid- 
neys atid the Bkin) must pass off iu the gaaeoue form by the 
I nnmbere vary with different individnala, 
, and also in the same individual at different periods of the 
day ; but limiting our attention for a moment to the car- 
' honic acid, it ie found that the more vigorous the circulation 
the greater is the amount of that gas exhaled: tbe greater 
too ia the proportion in winter than in Bummer ; after n meal 
tlian when fasting (varying too with the nature of tbe food) ; 
more of tliia gaa is exhaled when awake than when asleep, 
n the proportion of i to 3 for the aame number of hours; 
note carbonic acid ie exhaled by children than by adults, 
a consequence of the greater activity of the vital func- 
tions; more by male adults tlian by females, unless of the 
game stature, and then the proportious given off by the two 
! about equal. In fact, the amount of carbon es- 
baled in the form of carbonic acid from the lungs and skin 
1 adult man in che twenty-four hours, amounts to about 
8J oz. ; of which quantity the 6\irface of the skin contributes 
only one-third of an ounce. In cold blooded animals the 
respiration through the skin is more extensive. Hybenatin^ 
animals, such as the marmot, do not consume more than one- 
thirtieth of the oxygen that thoy require in the active state. 
In the ndnit mnle about eighteen or twenty respirations are 
made per minute. The volume of air at each respiration may 
be taken at abont 30 cubic inches, and this with twenty respi- 
ratiouB per minute would require not less than SOO cubic feet of 
ur to pass through the lungs in twenty -four honrs. In this pro- 
is the blood is exposed to the action of the atmospheric air, 
dttriag which exposure it undergoes certain changes. " Tlie 
Uood from the right side of the heart, when it enters the lungs, 
B of a dark red colour ; it is then dispersed in a state of most 
minute subdivision through the ultimate vessels of the lungs, 
and in these vessels is brought into contact with the atmos- 
pheric air, when it becomes of a bright red colour. In other 
wBrds, the blood changes in the lungs its venous appearance 
and aasumes the character of arterial blood. Tbe blood thus 
* Miller, "ElemenUot ChemiatTj," Tart HI, 
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ai-terialised, returns to the left aide of the lieart, from wtieoi 
it ia propelled through the arteries of the body. In t 
minute terminationa of the arteries, the blood again loaeq iti 
florid hue, and, reassuming iU dark red colour, is returned 
through the Teina to the right aide of tfie heart, to be expose^ 
Bs before, to the influence of the atinospfaerio air, and t 
undergo the aame aucceasion of changea."— Proui. 

On examining the respired air, it ie found that a portion a 
ita oxygen hae disappeared, and a eimilar bulk of carbonis 
Bcid haa been Bubatituted. While oxygen gaa ia paaaing 
inwards through the membrane of the Innga, carbonic add ii 
at the aame time paasing outwarda through the same i 
braue. In fact, the oxygen of the air is absorbed by thl 
blood, and in some unknown state of combination reachoc 
the extreme subdiviaion of the arteriea, where it is anitetl 
with a portioa at carbon, and forma carbonic acid gea, whiefc 
gaa also, in some unknown state of combination, ia retaiaei! 
in the venous blood, till in the lunga it ia expelled, aoit 
oxygen is absorbed in its stead. Along with the carhonifl' 
acid, a quantity of aqueous vapour ia separated from the, 
blood, amounting to about I lb. from the lungs, and 1^ lb. 
from the akin, in the tweuty-four honra. 

One great object of this procesa ia the prodnotion and' 
maintenance of animal heat. There is a gradual combnstiob 
of the carbon and of the hydrogen aupplied by the food' 
through the medium of the respired oxygen, as already stated. 
Now the carbonic acid which is the result of thia proceas' 
probably owes its noxious action rather to the mechanicti 
obatruction that it offers to the escape of gas already ii 
blood than to any directly poiaonoua action. It acta, how- 
ever, ia destroying life if in aufficienl quantity, 
the water given off by the lungs is not pure water, au^ 
as is liberated in the proceaa of distillation or evaporation, 
but IB contaminated with the moat offenaive animal e£QuvtA> 
M. Lohlanc statea, that the odour of the air at the top 
of the ventilator of a crowded room is of so 
character that it is dangerons to be exposed to it eveu 
for a short time, If (his air bo p.-inseU through pare 
water, the «--aIer soon exhibits all the phenomena of patre- 
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factive fermentation. The water of respiration, thus loaded 
with animal impurities, condenses in the inner walls of build- 
ings, and trickles down in foetid streams. In the close and 
confined dwellings of the poor, this vapour condenses on the 
walls, the ceiling, and the furniture, and gives that perma- 
nently loathsome odour which must be familiar to all who 
take suflficient interest in the poor of large towns ever to enter 
their dwellings. Take up a chair, and it is clammy to the 
touch, and the hand retains the ill odour ; and, if the poor 
people lire remonstrated with, on the ground of want of 
cleanliness, they say that the supply of water is scanty, and 
what little they have must be dragged up-stairs from the yard 
or cellar below. The low state of health induced by such 
abodes produces a chilly sensation, even in summer, which 
renders the occupants averse to open windows, and in many 
cases, in consequence of the crowded state of the district, 
and the foetid odours emitted from the sewer traps in the 
streets, an open window is a questionable remedy for bad 
ventilation. 

We see, then, that there are many causes which render 
respired air injurious, if allowed to enter the lungs a second 
time. In proportion as the air of a confined space becomes 
vitiated by respiration, the quantity of carbonic acid increases, 
and as chemistry furnishes the means of determining this 
increase, while the other noxious products of respiration 
escape exact analysis, the amount of carbonic acid may be 
taken as the exponent of the degree of vitiation of the con- 
fined air. This method was adopted a few years ago, by M. 
F61ix Leblanc, in an extensive series of experiments.* 

The remedy for these injurious effects is efficient ventila- 
tion. In each act of respiration about 30 cubic inches, or 
^th of the quantity of air in the lungs is changed. The air 
that has passed through the lungs does not lose all its 
oxygen ; it usually contains not more than about 4 per cent, 
of carbonic acid; but this expired air, by mingling as it 
escapes with several times as much, vitiates at least two cubic 

* See Memoir read to the Academy of Sciences at Paris, 6th June, 1842 
and inserted in the Annales de Chimie et de Physique, Third Series, vol. v. 
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feet of air. Now the removal of tliia impure air, oud tlie bring- 
ing in of a conatant fresh supply, have been provided for b 
iiatnre in the most perfect manner, and it is by onr ill-cur 
itived artificial arraogementa that the provision la defentedj 
The vitiated air, as it leaves tlie cheat, ia heated to i 
near the temperature of tlie body, viz., 98°, and being 
panded by the heat, is apecifically lighfor than the but- 
roanding air at an ordinary temperatnre; it therefore aseeiti' 
and escapes to a higher level, by the colder air jiuBhing it ir 
flB it docB a balloon. Ti)e plnee of this heated air is ooi 
fltantly snppUed by the colder ond denser air cloaing in <. 
all aides. In the open nir the process is perfect, beeniiM 
there ia nothing to prevent the escape of tbe vitiated ( 
lint in a dose apartment, the hot air rising np to the eeiliiigi 
ia prevented from esciiping ; and gradually acciininlating n 
becoming cooler, it descends and minglea with the fresii i 
wliioh occupies the lower level. We thus Lave to inhale 
atmosphere which every moment becomes more and morQ 
impure and nnfit for reapiration ; nnd the impurities become 
increased much more rapidly by night when lamps m 
or gas are burning, for flame is a ra'pid consumer of oxygen^ 
Under these circumstances our only chance of escape from. 
suffocation is in the defective norUraanship of the boasa- 
carpenter; the crevices in the ivindow frames and (Ion 
allow the fonl air a partial exit, as may be proved by holding-, 
the flame of a candle near the top of a closed door, i 
room : it will be seen that the flame ia powerfully drawff 
towards the door in the direction of the oiit^'oing cuirentj 
and on holding the flame near the bottom of the door, it wil 
be blown away from the door, Bhnning the direction of tht 
entering current. If we stop np these crevices, by pntting lid 
round the windows and doors, eo as to make them tit nccnrntely 
we only increase the evil. The firat effect is that tlie fire wi 
not rfraiofor want of sufficient draught ; if the inmates cnnpol 
up with a dull fire and a smoky atmosphere, they aoon becomi 
restless and uncomfortable — young people get frelful 
peevish, their elders irritiihle, respiration becomes impeded. ( 
tight band appears to be drawn round the forehead which Borae 
JavisibJe hand seems to be drawing tighter and tighter .1 
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monieiit ; Ihe eyisballs ache nnd throb, a senee uf languc 
mcoeetla to fits of restlesa impatience, yawuiog becomes 
general, for yawniug is nothing mote than an effort of nature 

get more air into the Innga; under tliesc circnm stances 
the announcement of tea is a welcome sound, the opcni 
and shutting of the door necessary to its preparation give a 
vent to the foul air, the stimulus of the meal mitigates the 
snffbring for a time, but before the hour of rest, the same 
causee of discomfort have been again in active operation, and 
the family party retires for the night indisposed and out of 
hnmour. 

Bat in the bedroom, the inmates are not free from the 
UalignBnt intlnence. The closed doors, the curtained bed, 
and the well-guarded windows, are sentinels which jeal- 
ously warn off the approach of fresh air. Tlie unconscious 
tleepers at each respiration vitiate a portion of air which, i 
obedience to the law of nature rises to the ceiling, and woui 
escape, if the means of escape were provided ; hut, in tii 
abeence of this, it soon shakes off those aerial wings, which 
would have carried it away, and becoming cooler and denser, 
it descends, and again enters the Inogs of the sleepers, who 
nneoneeiously inhaJe the poison. When the room has become 
surcharged with foul air. so that a portion must escape, then, 
and not till then, does it begin to pass off up the chimney. 
Hence many persona very property oiy'ect to sleep in a room 
which is unprovided with a chimney ; but it ia evident that 
audi a ventilator is situated too low down to be of much 
aervice. If there he no chimney in the room, a portion 
the foiU air escapes by forcing its way nut of some of the 
crocks and crevices which serve to admit the fresh air. 

That this sketch is not overdrawn, must be evident to any 
one who, after an early morning's walk, may have returned 
directly from the fresh morning air into the bedroom which 
he had left closely shut np an hour before. What is moi 
diBgustiag than the odour of a bedroom in the morning 
Why is it that so many persona get np without feelin 
refreahment from their sleep ? Why do so many persons pa?a 
deepleaa nights? The answer to these and many other 
similar gnestJoDs may be frequently found ill de^citvift iw\- 
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tilation.* How mucii (.liseaae and misery arises from this 
cause it would be difficult to state with any approach to 
accnracy, because the cauaea of misery are very complicated. 
Among; the poor, the want of 8n£Bcient nourishment, neglect 
of temperance and cleanliness, and cseeaaive labour, nil act 
with aggT'avatiii^ effect upon want of ventilation and drain- 
age. Among the middle cJoaaea, mental anxiety, overtasked 
powers, insufficient out-door exercise, are also aggravating 
canaea ; but there is a similar want of attention to vsntilatios < 
and drainage. The rich suffer least, because they paea mud ' 
of their time in the pure air of the country, and, are 
relieved from a good deal of anxiety, by being independent 
in circumstaueeB ; their rooms are also larger and less crowded 
than thoae of the other claaaee; but still there is a neglect of 
ventilation, and they often breathe a poisonous atmosphere 
for hours together in the crowded and heated ball-room, the 

■ Ad HCtcmpt haa been Tecently made to ahon that very much less air, or 
air at less purity, ie required during the sleepiuj; thai) the waking houn. U. ■ 
Delbrucfc, in a commuDiealion to me Acndemie des Sciencefl, >t Farla, whk' ' 
has besD made the subject of on article in the Cornkill JUaaaaag lor T' ' 
1833, euppoita this idoi, by rcfiiriog to the behmiour of the loner v 
The dog retires to sleep In I1I4 kennel or comer, and, carliog himarif iq 

bniiee his head beneath bia pswe nr hie body ; birds bury Chsir head uaSi 

their win?, with their beak hi loft down ; liybernating aninials aie.alirqt 1 
slieltBred from the air; the Bchoolbuy buries hia head UDder Iboolothes; nittr>'J 
Boimtlflfl pereona surround thomsetves with bed-curtaina; soldier* eam^iq! ] 

out cover their heada lo sleep, and rulway travellera close the -* ' 

windona. In nil such cawa it is contendi^d that vicnce teaches di 

iDBtinct itnother, and (hat instinct Id rij^ht. It ia urged that aa planM W 1 
sight absorb tlie oxygen they exhale during tlu: day, so, by analogy, auinUW ] 
at idght altsorb some of the carbonic acid thry exliHle during the' daj *- ' 
answer lo this it is stated that only the woody purls of plants absorb 0; 
In night, but they do so also by day, and that lo cxceesivdy small qui 

The green parta of plaala absorb carbonic acid by day, and whea theSL 

otaunliKht ia removed Ihey are inactive. Animols, on the contrary, are n 
Ilka plants, seeing that the blood never absorbs carbonio add trui~ " 
atmosphere, , 

All that can be sail] in tavour of M. Selbrock's theory is that leas oxwen fa . 
required during sleep, beeauu the vital funatlone are (hen all deprened, wM ' 
consequently less animal lieat is generated. The sleeper should be covaffnli^t " 
as to l^p up the animal heat ; If tho body be expoied to cold, it will not onlif 1 
prevent or desiroy sleep, bat may lead to more aeriouti conseqaences. HmM A 
the open window at night, or other tneans of ventilation, may intsrfen nUiJ 
the neoessary warmth and prevent sleen ; hot Iliia ia not very likely if (I ' 
bed-clothes are in sufficient quantity. 1 often Hod it Impossible f ~'"~ ~ 
acconnC of the oloseiras of the room ; but on lowering tbt top w 



tine the door a little on the jar, the air of the 
retraabing sleep the consequence. 
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(lieatre, Ihe faahionable assembly, and even in church ; ao tliat 
ralnitng. headaohe, and Bioknesa are t!ie nut uncommon resulta, 

A poisonous atmosphere I The expression will not be 
finind too strong when we exnniiue the in^redienta of the 
ur of an uuveutilHtcd roam. The products of combustion, , 
Aether they be those of the respiration of human beings, 
or the burning- of artificial lights, conaist of — 1, carbonic 
acid ; 2, nitrogen ; 3, vapour of water, mingled with various 
snimai products of a. very offensive nature. Gns aJso often 
eontains n minute portion of sulphuretted bydrogeu which 
escapes or burns into sulphur compounds, ond a minute 
pordon of the gaa itself (carburetted hydrogen) also eacapes 
nnlrarDt. 

Oarbonic acid gaa acta as a poison. If we attempt to 
mbale it by putting the face over the edge of a beer vat, the 
nostrils and throat are irritated so strongly, that tlie glottis 
closes, and inspiration becomea impossible. In its pare atate, 
then, it is impossible to breathe cuvbouic acid gas ; but when 
this gas is largely diluted with air, it can be breathed, and 
the aymptoroa resemble those of apople.iiy. Professor Cbris- 
tiaoa quotes a case related by M. Chomel of Paris, of a 
Itbourer, wiio was suddenly let down to the bottom of a well 
eontainiug carbonic acid dilated with air, where he remained 
three-quarters of an hour. On being drawn up, he was first 
affected with violent and irregular convalaions of the whole 
body, accompanied by perfect insensibility ; fits of spasm, 
like tetanus, then came on. During the second day, these 
qrmptoras went off, and he continued afterwards to be 
tested with numbness. It is especially to bo noted, that 
contrary to general popular belief, tliese effects may be pro- ' 
daced in situations where the oir is not sufficiently impure to 
BZtingniah the flame of a candle ; nor does the lurking danger 
display itself to the sense of taste or of smell. \ 

The danger of using charcoal as n fuel wiil be noticed 
iorthet on ; but we may here remark, tiiat tlie proportion of 
CBTbouic acid necessary to produce a poiaouous atmosphere IB 
very amall ; so much so, that in attempts at suicide by bum- 
iug charcoal in an open room, the pnopie who have entered 
&e apnvtmimt have found tlio air q^aite TCK^AT^Va, «& *&* 
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choffer burning, althnugli tlie jiersoii they aonglit was in ii 
state of deep coma, from having been long; exposed to tlie 
XLOxiona influence, 

Now as no person would consent habitually to awnllow a 
small portion of liquid poison, knowing it to be sucb, thongfa 
diluted with a. very large portion of pnre water, bo it is equally 
atiwise to consent liabitnally to inhale a small portion of 
gaseoue poison, knowing it to be such, though diluted with a 
Tery large portion of pnre njr; and yet this is what tha' 
majority of peraoas actually do who oconpy apnrimenls nil-- 
provided with proper ventilating apparatus. 

Nitrogen gns, which constitutes four -fifths of our atmtw- 
phere.-will not support respiration or combustion, aiinply from 
the absence of oxygen. An nnimal plunged into an atmos- 
phere of nitrogen would die. because this gas is incapable of 
oxygenising the blood. A flame is extinguished in this gas, 
because there is no affinity between it and the incandescent 
hydrogen and carbon. 

The vnpour given off by the bmsjs and the skin is charged 
with offensive animal effluvia, which greatly promote the cun- 
tamination of the sir of a crowded apartment. Dr. Faraday 
espressed his opinion to n parliamentary committee in 1635, 
on the subject of ventilation, that-^" Air feels unpleasant in 
the breathing cavities, including (he mouth and nostrils, not 
merely from the absence of oxygen, the presence of carbonic 
acid, or the elevation of temperature, but friim olber causes, 
depending on mnttcra which are communicated to it by the 
human being, I think that an individual may find n decided 
difference in his feelings when making part of a large company, 
from what he does when one of a emnll number of persons, and 
yet the thermometer give (he aauie indication. When I aiu 
one of a large number of persons, I feel an oppressive senas- 
tion of closeness, notwithstanding the temperature may be 
about 60° or ti5°, wliich I do not feel in a small company at 
the same temperoture, and which I cannot refer altogether to 
the absorption of oxygen, or the evolution of carbonic acid, 
and probably depends upon the effliivia from tbi^ many pre- 
sent; but with nie it is much diminished by a lowcriug of 

* tsmpeirature, and tha eensatioua become mauV a\ote Wo 
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lurring in a smnll company. The object d' a good 
tySem of venlilation is to remove the offecta of each air." 

The effects of oir, vitiated by nnimal effluvia, is evident in 
the diseasea of the lower animals wlien erowded togelber in 
eontined places. The glanders of borsee, the pip of fowls, 
and a peculiar dieense in sheep, all arise from this cause ; and 
it is stated that, fot some years past, [lie English nation has 
been saved many thousand pounds a year from the diminished 
mortality of horses, iu conaeqnence of the army veterinary 
SDrgcons adopting a simple plan for the ventilation of the 
cavalry stables. 

Oar systems of artiticial illumination have even a greater 
deteriorating e&ect upon the air of an apartment than the 
respiration of human beings. The leakage of a gas-pipe, or 
'mperfect combustion of the gas itself, in on apartment, 
would cause the inmates to inhale a portion of the gas. Sir 
Humphry Davy found, that when ho breathed a mixture of 
two parts air and three of carbnxetted hydrogen, be was 
atlscked with giddiness, heodaehe, and transient weakness of 
the limbs; but common gas ia often contaminated with siil- 
phnreltod hydro^'en, as the blackening of the white painted 
wainscoting of rooms proves, in spite of the puril'yiny pro- 
cesses adopted at the gas-works. This gas is one of the 
: deleterious of all the aerial poisons. It hns been 
ibund by esperimont, that nil', impregnated with a 1,500th 
[wrl of the gas, kills a bird in a, short space of time ; and 
that with about twice that proportion, or an 800th, it will 
Boon kill a dog. This gaa is emitted by cesspools and 
ind has been a frequent cause of death wlien 
lireathedin a state of concentration. Dr. Halle says, "the in- 
dividual becomes suddenly weak and insensible, falls down. 
Mid either expires immediately, or if he is fortunate enough 
to lie quickly extricated, ho may revive iu no long time, the 
belly remaining tense and fall for an hour or upwards, and 
recovery being preceded I^ vomiting and hawking of bloody 
froth," When the noxious emanations are less concentrated, 
the symptoms are atill very alarming ; and in the dilute form, 
M in the emanations from the gnlly holes of the sewers of 
London, persons iBbnling them have often tcevi oW.B.Os.fti'Nx^ 



BickneBB, colic, iuiperfeclly defined paiua iu the chest, 
lethargy. 

The emanotiona ariaing from the imperfect or Blow com' 
buBtioti of oil and tallow are moat iajurioua to health, 
vaponr of a emoliy lamp, if disengaged in email qnantitio^ 
escitea inteose headache. The fumea of the biiruing e 
of n candle are probably of the same nature, and are very 
poiaonoUB, and every one must, have remarked their peiie;> 
trutiDgnaCare; they fill the room the moment a candle ia blo' 
oot, and their diaguatinf; odour pervadea the whole house it 
very short time. Dr. Christieon quotes a case in which tlieg 
proved fatal : a party of ironamilba, who were cnrouaing « 
B festival day at Leipzig, amused themaelves with plag 
a boy, who was asleep in a corner of the room, by faoldiai 
under his nose the smoke of a catidlc juet extingaisfaed; 
first !ie was roascd a little each time, bat when the amnee^' 
ment had been continued for half an hour, he began to 
breathe lahorioualy, was then attaeked with inceasant epileptic 
convulsioHs, and died on the third day. 

In addition to all these contaminating agents, carboai 
acid, nitrogen, animal cfBnvia, carbide and eulpbJde 
hydrogen. &c., to which the air of au imventilatcd apartme: 
is liable, there ia yet another cause of injury lo health in tl 
disturbed electrical condition of vitiated air. This is a eubje 
on which science has hitherto thrown but Uttle light. A 
that we can do is to record the fant, that pure air, such aa l| 
fit for reepiration, is }ioeJtiteli/ electric, while the air whid 
has become impure, and oonBeqiiently unfit for respiration, i 
neffativeli/ electric, 

~ ' ' ' ' r have frequentlj 
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f the House of Cor 
mons, h b 1 h f h ar 18i0, the medic 

witue d 1 1 oe d aaes were a contmi 

reault fb 1 1 d b h caae ofeilk weavei 

• Mr. CarmlchAel, in h[a "Essay on the Nature of Scrofula," ftBouimbl 
thfl ratttBiiH! prevalmcB of the ilisedse in Ibe Dublin Uuujh of IndasR;, atl . 
timi he Kcale (1810), b; uiCutiaiUDg thu in oni^ ward of modetua h«ieb 
eOleet by IB. there were 38 Uda, eaoTi cDnLnliiiiig Ihm: children, or more^ 
2O0iaal}. The matron ttmukid, tbatthoreia ao BadMVog U« Ui tUV^^ 
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wlio pB£a their lives in a more close and coniiQed air thnn 
almost any other class of persons, their children are peculiarly 
subject to acrofiiln.andeoftening of thebones. Dr. Am ott stated, 
Aat an individual, the ofTspring of persona succeaaively living 
in bad air, will have a couBtitutiou decidedly different from 
&>t uf A man who is born of a race tbat has inhabited the 
country for a long time; that the race would, to o certain extent, 
continue degenerating. Defective ventilation deadens both 
the mental and bodily energies, it leaves its mark npon the 
person, so that we can distingiiiah the inhabitants of a town 
from those of the country. This witness, in alluding to the 
want of knowledge among all ckeses on the subject of venti- 
lolioD, states that be bad heard at the Zoological Gardens of 
a dass of animals where fifty out of sixtv were killed in a 
month, from putting them into a lioiiee which had no opening 
in it but a few inches in the floor. " It was like putting 
them nndcr an extinguisher; and this nns supposed to be 
doaie npon acientific principles." 

Some of the details in this Report refer to diseases con- 
sequent on the bubicual breathing of air vitiated by a number 
of human beings, crowded together in a badly drained and ill- 
Teatilotod part of London ; they are so frightful, that it is 
inqiOBsible to quote them htre. No doubt these details refer 
to extreme cases amonj? the poor and destitute ; but no oittf 
•kUI contend that the science and legislation of llie day flhonld 
be exerted only for those who have influence to command, or 
nOBns to puruhaae their aid. Every one who has knowledge 
Ot veailh at his disposal, is hound to exert it as much for the 
benefit of hia ignorant and poorer bretiiren as for his own 
pleoanre and profit. There is not only n moral law requiring 
na to do so, but there is also a uatural law, and both have 
Uils dlBtinguishing proof uf their divine origin; they are 
KJf aoiing; tliay confer the reward of obedience, and inflict 
As penalty of transgreEsion, with a precision and certainty 



jpiirtiaBDt nlien Ihe doors lire firat thrown open in lliB morning; and that It 
bin vain 1" rsi.-n: uny of the windows, as t1ia.sc children who happened lo be 
liKonveuiuneFil bv the cold, olose them »a soon as they bavB an oppurtunltj'. 
The air ihty brci'ilie la tlic day ia Utile beMer; many aie confined to Uie 
qguUtieals ihey sleep ia, ar croivded U the number of sevcc^V bwQ^lie^ Vn. '^ 
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which fiad no parnllel iu mers human laws and iuBlitutionsjl 
The fevers and contagions dbeasee, arising from our neglec 
of the poor, find their way into our own dwellinge; 
miasma of onr conrls and alleys enters oiii hings, and c 
ua on n hcd of aicliness. If, through the mercy of God, w» 1 
are permitted to rise again, ought we not to practise th*'! 
lesaou which the peuahy has heen seeking to convey tt 

Bnt not only are oar dwelling-houses badly ventilated, buh 
(hoBQ hnildinga on which the architect has lavished i 
art and ekill are often entirely destitute of special meims fo) 
ventilation, and arc eo constructed as to render the appUi 
cation of such means extremely difficult, or even impoasibla 
Snch a contrivance aeldom enters the mind of the arciiiti 
A building capable of holding from 800 to 1000 person^ 
whether it be a church, a lecture room, an asaemhly tooi^ 
or a concert room, is, in consequence of this neglect, the toq 
frequent scene of much painful suffering. When such I 
room is crowded, and the meeting lasts for eome houn 
especially in winter, the consequences are sufficiently marked | 
" either such n multitude must be subjected to all the e 
of » contaminated and unwholesome atmosphere, or thoj 
must be partially relieved by opening the windows, 
allowing a. continued stream of cold air to pour down upoB 
the heated bodies of those who are near them, till the lattel 
are thoroughly chilled, and, perhaps, fatal illness is induced] 
and unfortunately, even at such a price, the relief ii 
partial, tor the windows being all on one side of the 
and not extending much above half way to the ceiling, 
plete ventilation is irn practicable. This neglect is glaring^ 
the result of ignorance, and could never have happened) 
had either the architects or, their employers Icnowu the lam 
of the human constitution ," • 

The same intelligent writer remarks, that in charchei 
fainting and hysterics occur more frequently in the oftemou 
than in tlie morning, because the air is then at its maximuo 
of vitiation. Indeed, iu a crowded church the eflecta i' 
deficient air are visible in the expression of the features 
every one present — " cither o relaxed sallow paleness of tb 

' Vr. AadKjr ComWs " Principto oS riiysioVia'." 
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I BQifaoe, or the hectic flush of fever, is oLservalile, aad, as tlia 

I uecesaary accompanimeDt, a sensntiOQ of mental and bodily 

1 Witiide is felt, wliich is im mediately relieved by getting 

) the open air," Some persons, however, do not iind 

i relief; the hendaclie oflen Insts for hours, niid ends in a 

mions or nervous attack. 

Oiir Bchool-rooms are often also sadly defective in respect of 
t'UDtilalian, and we have known caaea where, with all the 
windows open, & proper supply of air could not be inirO' 
diiced into the crowded apartment. When the weather did 
not allow of open windows, the almoephure of the room was 
iiioBt loathBome to a. visitor entering it from tlie fresh air. 
AU the inmates complained of a sensation of fulneaa and 
tigbtnesB in the forehead, and headache more or less acute. 
Command of temper on the part of the teachers, and mental 
progress on the part of the pupils, are of course next to 
impoBsible under such eircnmstancea. The T\Titer would 
appeal to the experience of teachers in general, whether the 
slow comprehension ami iistleaeness of children in school, 
who are sharp and clever in the playground, may not be 
traceable in a great measure to the vitiated air which they 
are compelled to inhale ? 

In curious contrast to the defective arrangements of many 
of nur public buildings, with respect to ventilation, are our 
pahliii Ilieatrea and music halls. These are, for the most 
port, well ventilated, or at least an intelligent attempt is 
made to procure ventilation, and the managers do not fail 
(O parade the fact in their play-bills. They are practica 
men; they know that for some years past the attention 
of the public has been directed to the subject of venti- 
lation, and that a studious attention to tlie comfort of ths 
hooae is as likely to bring people to it as attractive perfor- 
mances. They know, too, that people are more likely to 
enjoy and applaud the business of the stage when they can 
■ breathe freely, than when tlio head is aching and the senses are 
11 steeped in the drowsiness of a mephltic atmosphere. Some of 
I the methods of ventilating theatres are clever and efficient, aa 
! will be noticed hereafter, and could easily he applied to those 
j far more important tuiidiugs, the church andtiie\ecW.ia-TOOTa, 

L . ; . 



26 VENTILATION- IN 

Tbe traveller, in pursuit of health, buBineBS, or pleasore, 
is everywhere esposed to inconvenience and Buffering from 
"iTflnt of ventilation. In our coacliea, rflilway carriages, a 
Eteamhoats, the toeana i'or veotilation are inefBcient. Somft 
of my readers will probably be able to call to mind theit 
nights of suffering: in the heavy coacbes of tiiirty or i 
years ago. I have freqiiently travelled inside the Balishnry 
coach in winter, which left London at 5 p.m., nud urrivi 
Sflhsbury next morning at about 7 a.m., thus performing 
a jonriiey of 65 miles in li hours; such a journey, 
six inside (and I have sometimes formed one of eighty 
with windows closed at the special request of Rome Ud] 
or gentleman, who seemed capable of breathing without thi 
naual supply of fresh air, was n protracted torture of greatfl 
magnitude than that endured now-a-days.* Yet it matf 
be confessed that onr railway carriages are not much bette! 
when the windows are closed and the trnvellers are numeroiw 
A second-claas carriage often contains from twenty-foul 
to thirty, and even forty persona, and the air, under bhc^ 
circnmstances, is intolerable. The first-clasa carriages a 
better, because there is less crowding, hut even these t 
seldom provided with efficient means for the escape of the 
vitiated air. The Bleeping cabins of our steamboats though T 
fitted up witli general attention to comfort, are entirely J 
without any special contrivances for ventilation. I hav e! 
travelled more than once from Lnudon to Hamburg, a 
have slept, or endeavoured to sleep, two nights in the cabii 
of one of the steam company's mugnificent boats. The eagei 
nesB with which I have exchanged the fcetid air of th 
cabin for the pure air of the deck, even in raiuy or boisterous 

* In aiuattatinn nf lliis part of our gubject, I venture to relnte the follow^ 

Some yam ago an elduii; gentlemim, veil known in the west of "^flliwi 
was travelling in (he night coach IromI/indon[nSitll9bDi7,whDn hsrequegts^^ 
penniidtiD lo luve one of thu windowa down : thia was stoutly refused^ on 
of the five other pa«eagen,uid on alienation aroae, whicU wu MiddaDlyM 
Hhoit b; a young nudabipuiBn tbruBtinj; bis fist through tlie glass windosrlanl 
tnialns to the sunplionnl for fruh air, inquired whether lie sbonld braa 
tile Dther also. This was dacllned; tht obatinats traveller est in oilou 
dnring the real of the jouniey; bat tha old gcullemon, ialeiealed by llie liol 
and originii\ ponducl of hia younn friend, Invited him lo his hooee, an 
aftenrarda beauae tbe means of greatly ndvanolng h\B ptUB^wiW ia W«. 
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■will be undeiBtood by all who have nndertaken Biieh 
a Voyage. The horrors of the crowded fore-cabin are happiiy 
knowii to me only by description.* 

In onr naval and mercliant Rervioe tnneli disGaae aad 
mortality are the direct eonaequencea of defective ventilation. 
The lower decks and close cabins of ahips are often crowded 
with people engaged in cooking, eating, drinking, and eleep- 
iug. Their condition ie bad enough in fair weather, hut in 
a gale of wind, with the eciittlea cloaed and the batchea 
fastened down, and no means provided for the admisaion of 
Insh air below but what can find its way by en opening of a 

• I once took my passage in s steamboat from Cologne to BoUeiflajn (at 
(hat time a vovnge uf nearly fotty homa), and found, when I had got on 
bMrd, that LhBre was no sleeping acoommodaCion, This was of no coafie-_ 
quBncfl during the d^j^me^ and not of mucti consequence, in fine weather, 
dnrioK the night, to so old trawlleT; but an this ocaBeian,as aigbt advanced, 
a eold diuaUng rain compctled the passengers to siieii rofuge in the iimall 
ealiiii, the only one Che ve^ aSorJeit. Wben tea and sapper weie lairly 
Dver, and nightcapa of TorioLU deKiiptions had been diuuibuted among the 
gw«»^ the low bench round the cabin was completely occupied. Those who 
cnuld aleep did so ; those who could nol^ tried n variety at postures, loiAied 
wirtfully at the four comfortable fiomen occupied bj' envied sleepers. SomB 
hid did down npon the Hoar ; others found a hard piUow by leanuig forward 
on the table before them ; and those who BtiU kept awake had an opportunity, 
by the faint gleams of a lamp, to study this odd, and not over cheerful, 
gi<aQ[un^^ One of my companions, not being able (o sleep, went on deak and 
migned his ploca (o me. I thus gut a rest fur my head, and with my great 
smt for a pillow, managed to pass, in a kind of realless sleep, the mwt 
dieaiy portion of the ni^ht. Enrly in the momiag, on hour before daybreol^ 
(mitt on deck; a mout fog rested sluggishly un the wnter, and rendered 
Aa ahore barely vlnible. AtQiistlme an incident occnrred which animated 
BTBty one. A poor Dutch family was on board, ODOslstlng of u man, bis wife, 
MrtTour ehildre- —" ' "-' •-•—' -— ■■-- -"— ■— '■-' 



aa suddenly proclaimed that the eldest boy had 
le night, and was lost " A man ovHrboard" is s 



MutHng subject on erenr kind of water, and in every descriplion of craft, 
and ve were all busy wttli inqulHes as to when and where and by whom bo 
«raa laat seen ; search was made Id every comer of the vessel, but all to no. 
puipose; — the bny was cerlainly drowned, and there was no help for it. The 
tuner aeemed to receive the condolence of the pisaengerj with characteristic 
DMehphl^m; he lit his pipe and received in dlent resignation a long and 
apparenCl; augty discourse from bis wife. We were all veiysorry fnrhim asd 
&lier, Trtien, lo ! the black tarpaulin, which covered a large collecdon of 
ggods on deck was seen to move, and from under one iit its folds a latRe, 
miBd, sleeps face appeared, and crawling forth, with a yawn and a stretch, 
Ibeobiectofoursolicitudostoodbcfore ds! The parenls esprensed their joy 
jnmaeran odd manner, — the mother scolded, the father quietly put down 
Us pipe and began to cuH tlie boy rudely, and, bnt for the Interfenmce of 
wme «f the paaMUgers, be would probably have mcelvad a sound thrasliing 

■lug, us It appeared, withonl leave, to sleep in eftiwln^ '«''>=■''■ w™"'*' 
Msf com/orlsliJe part of Che vessel. 
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few feet square — when the vitiated effluvia from the hedlthy, 
the Bick, and perhaps the dying, come steaming np the aame 
aperture down which the fresh nir ia struggling to find its 
scanty way to the uiserable inmates, how can we wonder at 
the moi'tality of fieamen, especially in tropical climates. Ii 
troup or transport ehipa, flie conatitutiona of the men ari 
frequently enfeebled, instead of being strengthened by thi 
voyage. Moreover, the evils ariainj,' from want of ventilatioi 
are aggravated by the horrors of sea-sickness ; the sense o 
smell becomea morbidly sensitive ; the bilge-water, or that 
Stagnant corrupt water wliich lodges in the bottoms of tight 
vessels, emits the offenaive odour of aiilphnretted hydrogea 
and other gases; and these, combined with the closeness of 
the cabins in sailing vessels, few can endure (vith impunity. 
All tliia is even made worse in steamboats by the odonr of 
the hot, rancid tallow used for greasing the engines. 

Mr, Robert Ritchie, in n paper on tlie ventilation of 
ship,* quotes a letter fiom a naval friend on the African 
coast, who says : — " On the lower deck of our little craft 
were stowed away one hundred persons, ship's stores, cook' 
coppers, fc. Never did I before feel ho much the importance 
of a thorough ventilation. To sleep in such an atmosphera 
ia nest to impossible, and when exhausted nature sinks into 
repose, it awakes with that sickly and feverish sensation 
which betokens the derangement of your physical system, 
and that yon have been inhaling a poison which ia slowly 
but surely preying on the vitals of your constitution. That 
disease and death should be frequent is only what every 
rational and scientific person would expect. Climate is 
blamed for every disease that appears in foreign statjons, but 
I have not the slightest doubt that the want of a tboroi 
method of ventilation on ship-board has, in very many ca 
laid the system open to disease, which, in more favourable 
circnniBtances, could have been easily removed. The man 
who could improve the present wretched system would ba 
juBliy entitled to the thanks of every humane and benevolent 
individual." 

Such is the condition of a small, crowded sloop of war. Ie 

• Jameson's Edinliir^h Phihsaphkal JouTnnt. 
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large men-of-war the evils are lesg, on ncconnt of the veutila- 
liou of the lower decks by the gun-ports. TheEe, of conrse, do 
not exist in merchant vesseh ; and in the loM'er. i;r orlop 
deck of all ships, there is grtat difficulty la estaWifihing a 
constant unifomi current of fr^sh air. 

In these introdnctory remarks, we do not insist upon the 
necesaily of wantung our rooms and other enclosed spaces, for 
that is an art which is practically well understood, and will 
receive a share of attention in this little work. But if warm- 
ing i} easy and well understood, ventilation is also easy and 
badly nnderstood ; that is, it is very easy to ventilate a room 
or a building, bnt the necessity for doing so ia not generally 
admitted by the great mass of the people, ^nor even by those 
whoae duty it ia to teach tliem and to provide for the prac- 
tice. But to combine the two aria — to warm a room suffici- 
ently, and at the same time to ventilate it thoroughly — is 
not easy, for the very means employed to ventilate a room 
mnat necessarily dissipate and carry away the heat employed 
iu warming it. Something, however, may and ought to be 
done to combine the two methods, as we shall endeavour to 
show ; but before entering upon practical details, it is necea- 
eary to iuvite attention to such of the laws of heet as are more 
immediately connected with our subject. We can scarcely 
do more, In our limited space, than bring together a few of the 
results of scientific principles, and refer the reader to larger 
and more comprehensive treatiaes for their verification. 

Id the process of warming and ventilating a building the 
UwB of lienc receive abundant illustration. Heat is one of 
those great natural forces that is always seeldng an equili- 
brium which it can never attain. In doing so it infliienoea 
Burronnding objects in three ways : — First, by cmidactiai, in 
which the heat travels from particle to particle, raising the 
temperature as it creeps aloug. Secondly, by conixclioft, 
which refers to liquids and airs, in which the particles nearest 
the source of heat becoming warmed, ascend and impart their 
heat to surrounding particles, while the colder ones descend 
And take their place. Thirdly, by radiation, by which the 
rays of heat dart out in all directions from a central source. 

Every oae ie aware that bodies ooiiducl\ieB.t"JW^3i\Sftift\i-'i'i. 
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The poker left in the fire soon becnmea too hot to handle, 
while a short etick of wood may he hnrning at one end, 
and be scarcely wariii at the other. A piece of marble and 
a piece of flnmiel, of the same temperature ax indicated by 
the thermometer, will feel to the hand, the one cold and' 
the other warm, because in the one cnae the marble eonducfe 
the heat freely from tiia iiand, and the flannel scarcely nt all. 
One, in fact, ia a good, and the otlier a baii, conductor of 
heat. The metala, however, are the heat conductora; 
these differ greatly among themseivea in condncting power, 
By exposing similar bara of metal to a uniform source of 
heat, acting at the end of each bar, and meaauring the in- 
creaae of temperature along the bar at intervals of 3 inches 
by meana of a thermo-electric pile, the conducting power of 
metals for heat has been found to follow the same order as 
their conducting power for electriciry. Of all the metals, 
aiiver ia the beat condnctor, and taking ihia at 1,000, the 
number tliat represents the conducting power of gold ia U~' 
of gold alloy {991 gold and 1) copper), 840 ; roiled copper, " 
846; cast copper, 811; aluminium, (165 ; rolled zinc, 641 r 
cadmium, ST7 ; bar-iron, 436 ; tin, 422 ; steel, 397 ; platim 
380 ; caat-iron, 359 ; lead, 287 ; antimony, 215 ; and biamnth, 
61, It is remarkable how greatly the conducting power of 
a metsl ia disturbed by the presence of email portions of 
impuritiea, Gold alloyed with 1 per cent, of silver, loses nearly ■ 
20 per cent, of its conducting power; while the carbon of 
steel and of caet-iron greatly diminish their conduccing 
power, as seen by the above figures. 

Different woods ahow very unequal conducting powers. 
In the aame specimen wood conducts best in the direction 
of the fibre; density has but little effect on the velocity of 
tran.-ujission. American birch, a comparatively light wood, 
bad a higher transmisaive power than thirty-one other woods 
experimented on by Professor Tyndall.* Iron-wood, which 
has a specific gravity of 1'43G has a low condncting 
power ; oak and Coromandel wood, the latter very hard and 
dense, atand near the head of the list; while Scotch fir and 
t woods Btand low. Professor Tyndall expreaaeB 
"Ilatt Conaidamd as a Jfodo ot Molion," IfjGa. 
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cutar action oa regarils the trnnsmisBton of 
lieat tbroagh wood in tlie following terms : — 

" At all the pointH not eitiiate in the centre of tlie tree, 
wood possesses three nneqnal axes of enlorifjc conduction, 
wbii^li are at right angles to eauh other. The firaC, and 
principal axis, is parallel to the fibre of tho wood ; tlie second, 
»ad intermediata axis, is perpendicular to the fibre and to the 
ligneous layers; while the third, and last axis is perpen- 
dicular to the fibre atiiI parallel to tlie layera." 

It is remarkable also that certain crystals vary in conduct- 
ing power according to the position of tiie optic axis of tha 
crystaJ. In quarts, fur example, the heat travels more easily 
along the axis than across it, as may be proved by taking 
two plates of that substance, one of which is cut parallel to 
the axis, and the other perpeniliciilar to it. Each plate is 
juerced with a amall hole in the centre, in which a wire is 
iDserled capable of being heated by connection with a vol- 
tiuo batterv. The platea are coated with a layer of white 
wax iDixed with olive oil. On heating the wire the wax 
retiree, as if it ceased to wet the cryatai's surface, and acciimu- 
Utea ill the form of a liquid ring ; on the line of demarcation 
it separates the melted from the solid wax. But there is 
this Temarkahle difference in the two caees. In the slice 
taken across tha axis the wax is melted in the form of a. 
circle, of which the wire is the centre; while in the other 
{date the wax id melted in the form of an ellipse, the long 
of which CQineides with the optic axis of the crystal, 
showing that the conducting power ia greater in that dlrec- 
' m than in the one at right angles to it. 

Liquids and gases are very indifferent condnctora of heat, 
probably on account of the mobility of their particles ; for no 
aooner is heat apphed to a fluid body than the particles i a 
immediate contact with the source of heat become warm, and, 
qMcificolly lighter thtin the surroonding particles ; hence they 
Btoend until they reach a stratum where they are in equilibrium 
with neighbouring particles. Thns air and water tend to 
BFr&nge themselves in layers, tho lighter and warmer upon 
the heavier and denser. We may notice this in lalies. In 
month of JoJj-jSflusaura examined i\ie UVea o^ '^'aM.'a mA 
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Lucerne ; the one at the depth of 370 and tLe otlier ot that 
of 640 feet : both had the temperature of 41° Fnhr., while the 
water at the Burfnce indicated (54° and 68"5° respectively. 
Lago Hsggiore, on the Itnlina aide of the Alps, at the depth 
of 360 feet, hail a temperature of 44°, while the surface n 
nearly 78°. Mr, J. Jardine found, in Septeraher, that the 
surface of Loch Lomond, Scotland, over the deepest pnrt, 
marked fiil'S" ; at the depth of 15 fathoms, 437° ; at that of 40 
fathoms, 413° ; and from that to about 3 feet from the bottom, 
100 falhoniB, it decreased only the fifth part of a degree. 
Obaervationa of this kind justify the popular notion that deep 
lakes never freeze, since convection may take place, of course, 
downwards as well as upwards ; the particles at the surface, 
being chilled by cold, become heavier and descend, while tlie 
lighter and warmer particles rise to the surface, to be in like 
manner made heavier by cold, and to descend; but this pro- 
cess can only go on to 40", since at this point water under- 
goee a remarkable molecular change, whereby it no longer 
contracts and becomes heavier by cold, hut lighter, bo that in 
sinking; from 40° to 32° it occupies the same hulk that it dii 
in sinking from 48° to 40°. When the supei-ficial water haa 
reached 40°, it is at the point of maximum density by cold; 
any further reduction of temperatnre causes it to expand, and 
to send it to the surface until it reaches 33°, when it crystal- 
lises into ice, and in doing so undergoes a further expansion. 

Before, then, a deep lake can freeze, tliis process of c 
vection must proceed until the whole of the water hns reached 
the point of ninKimum deusity by cold, and then, and not till 
theu, can the surface sink in temperature from 4U° to 32°, 
the freezing point. While thia process is going i 
winter is passing away, and before the whole lake has reached 
40° spring; has arrived. But as water is so bad a conductor ■ 
of heat as scarcely to transmit it from the aarfnce downwards 
the surface water may in summer mark a temperature of 70° 
or 80°, while the lower strata are at or about the temporaturo 
of maximum density which the cold of winter had impressed 
upon them. 

After sunset similar phenomena, may Ua observed i 
Ja_ycra of the atmoBpheis, Fictet tbund, at ttio ead of tWe last". 



La. 
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oentaiy, that tiiermometers, placed, the one S feet from the 
^nnd, and the other at the height of 7H feet, marked 
different temperatures ; eometimcs before sunaet the lower 
thermometer was colder tbaa the upper one, the difference 
increasing rapidly till sunset, and, indeed, duriog the night 
in calm weather.* 

Convection may he illustrated hy hoiling water in a largo 
tube or flask, by means of a spirit-lamp placed beneath it. If 
the water contain a little powdered nmher or cochineal, which 
u of about the same density as the water, the particles will 
ihow in ft striking manner the direction of the current, A 
atrong current will ascend up the centre or axis of the tube, 
elttckening na it nacenda, from the giving off of heat to the 
colder parliclea ; while the colder particlea form descending 
currents at the aides of the vessel, returning to the source of 
heat to obtain a fresh supply. In this way the water gradually 
riaea in its temperature from that of the surrounding air to the 
boiKng point, 212°; at which point the water, being equal in 
force to the atmospheric pressure, babbles olf in the gaacous 
or aeriform state. Bat even here there is a difference in 
temperature between the bottom and top layers. If a ther- 
mometer be placed with its bulb close to the bottom of tfaa 
tabe, while the bnlb of a second thermometer be plunged just 
beneath the surface of the water, the lower thermometer may 
be 214°, and upwards, while the upper is only 212°. If the 
lamp be removed, boiling will of course cease, hut the con- 
vcctive cnrrent will continue active for hours ; the hotter and 
^fjhtei jwrtions will arrange themselves nearer the surface, 
and in the process of cooling there may be a difference of 20°, 
and upwards, in favour of the upper thermometer, and that 
in a colmnu of only six or seven inches in height. Even a 
coltunn of cold water, exposed to the ordinary temperature of 
a room, will often be 2° warmer at or near the surface than at 
the bottom. 

We have described the eonvective currents in water under 
the influence of heat. Were the air visible similar currenta 

* A nnmlier of InlerestiDg obsurvations of this Idnd wiU be found in a 
Tnlomeof thisMiieaeutltleil " Kxpeiimvutnl Esfsyt." S<)oEFES7lII.,''Hiiti]r;r 
rf tbe Modem Theoiy of Deir. " 



34 VENTILATION BASED OS CONVECTION. 

would be noticeii atreaming up od the outer eorface of the 
heated tube, and from the surface of the hot water aaeendiny 
to the ceiling, epreading and descending in colder parts of the 
room. This proceBS wonld go on not only during the heating, 
bnC also during the cooling, of the liquid column, and not leet 
until equality of temperatnrB had been attained. But such 
equality never can be attained, since a human being, or 
I warm-blooded aairanl, were it only a mouse, entering a r( 
at once diatarbs the relationsof temperature, and sets in motion 
convective currents. A lamp or a candle does ao still more' 
powerfully ; o lump of ice would produce an inverted con- 
veation ; in short, there is no such thing as rest in the 
everything in that region ia in unceaaing activity, and per-* 
petnal motion ; which should be met by intellin^ence on our 
part. Convection points out the true principle of ventilation ; 
the poisoned air, as it leaves our luuga — the poisoned prodnctli 
of combustion, as they leave our lamps and candles, are fiir- 
nished, by heat, with wings, which cause them to ascend, and' 
they would ascend and escape, and he useful in the vegetabM 
world, where they are wanted, were it notfor ourill-contrivetl 
domestic arrangements, where every room acts as a condenser,) 
and brings the aerial poiaon down upon our heads t 
breathed again. The grand process by which nature vonti- 
lates our globe shouid regulate our proceedings. The ann os 
ths equator raises a powerful current, which ascends and! 
spreads on either side towards the pole ; white the colder &ir 
from the temperate regions streams in as an undercurrent ttt' 
supply health and refreshment to living creatures. 

Arrangements for warming are, for the most part, beyond" 
the control of individuals ; these are settled by the house- 
bnilder or architect according to ancient rule, and are adapted 
to our feelings or prejudices in favour of open (ire-places; 
bat the ventilation of our rooms depends in great measarff 
npon ourselves, and we may be fairly charged with a prow 
sumptuous neglect of natural laws, if we fail to make use < 
flome of the simple means ftir obtaining ventilation which v 
are about to describe. Deftire science had discovered the 
pernicious effecta of impure air. it was not BurprisJug that 
'e did not ventilate. No plana for ventilation could \ 



laid dowu on a, proper basiB, until the coinpOHilion of the 
ttnospfaeTe bad been properly defineil : no definite meaning 
eolild be given to the word ventilation until the nature of th« 
■ ilself wna known, und the prodiicta of resjiiration and 
Lvmbnation had been proved tn be poisonnns.* Eut no 
sooner liodtbe beantiful esperiments of Priealley, CavendiBh, 
nnd others, made au impreaaion on the scientific minda of 
the day, than means were contrived for ventilation. Thua 
Cavallo, in bis "Treatise on tba Nature and PropertieB of Air," 
{ito., London, 1781), quotes from an older work a method . 
of ventilating a room by means of n small tube opening into 
?nr tlie ceiiing, which might either be carried to 
the top of the building, or he made to communicate witb 
the external nir by a small pui-rornliun through the wall at 
tbe roof of (he room, by which means a proper circular 
wonld be established, and the foul air be carried off. 
In order to admit fresh air into tiie room, another opening 
made in the ceiling, having a communication with a 
. pipe that led from thence to the outside of the wall, 
'8 it waa bent and conducted downwards till it reached 
the ground, being left open to communicate with the external 
The cool air would thua be forced in at the lower 
t^eaing of the tube, and made to ascend into the apartment 
in proportion to the qnantity tliat escaped towards the higher 
itpotte by means of the ventilator. 

Here we have a plan of ventilation at least seventy yeara 
aid, and yet, at the preeetit day, ventilation is etill discussed 
and quarrelled over, as if it were some new thing. The 
pr»per supply of fresh air is denied to tbo great mass of 

• T««Ubtion wns probaWy first practined in mining districfs, aa a work of 
■Vahy, in cnii»e(iuence of the rapid ciinversioii (>[ the oxygen of llie airinlu 
ibmio ■dd.by the respiralicin nf [lie miners, tlie uombuation of Iheir tanillea, 
. j( (he large quMititieH of irrespirable gases llberuwd by Ihe gmapuwdei used 
ta HmSag. Mr. Uenwood has eiven a Bummaiy of tbo analyris of eigliUMi 
OnplES m air takiin from, [ha miDes of Caranall and Devon, from wbieb 
ftWWsn that Iho propoition of oxTgcn nas only 17*067 per ceat^ while tha 
4l)abMe acid WHS (K)8S; the nlbwn 8S'H4S; and In one instance the prn- 
MMbiOof coygen wne reduced to H'SI ; niid in another, the carbonic -'' 
Ma 023 per cent. Tliese resnltn show s. diminution in the proportioi 
Bgrnlient of the atmospherei ftam iu uauai per wniage of 31, 
KF lit the poisonous ingredient, catbonio acid, from 005. i 
,t, calcniated to produce great injurj- to 
■4Dld [or hours t<^ilier. 
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the pnpiiktiQn, becaiiae builders, wlio ought to be perfectly 
acquainted with these thiuge (who ought also to be able to 
construct ohitnneya that will discharge their smoke into the 
air instead of into the room), too often neglect to study tbft 
natural laws which chemiBts and physiologisU have placed 
on a sure baaia. We are told that the native portera 
Canton are accuBtoraed to balance the load which they carry 
on a pole upon their ehoulderB, by meaiiB of a large atone at 
the other extremity of the pole, and that they deemed the 
snn;gestion of an Englishman an impertinent interference, whoi 
wished them to balance one package by means of another.) 
" Our ancestora," they said, " were very wise men, and they 
never carried more than one package at a time, and thisi 
they balanced by means of a stone ; ahall we be wiser than' 
our ancestora ?" So may a large proporlion of our moderni 
builders exclaim, " Our ancestors were very wise men ; they' 
never thought of providing epeciat means for ventilation i 
rooms and public buildings ; shaE we be wiser than on 
ancestors ?" Many a powerfn! satire on the modern practiot 
of houae -building is afforded by the stifling effeeta of ordiM 
nary dwellings. For example. Dr. Maoonllocii.in his"Aceotmft 
of the Hebrides," remarks, that while the inhabitants had n* 
shelter but huta of the most simple construction, which' 
afforded free pasaage for currents of air, they were not aub* 
ject to fevers ; but when, through the good intentions of thft 
proprietors, new dwellings were erected, and were mad» 
dose, comfortable, and commodioxs, the stagnating air, 
other impurities, joined to the want of cleanlinesB ii 
inmatea, generated febrile infection. Now, we think, it must 
be admitted, that had these new dwellings been properly 
ventilated, by special means contrived for the purpose, therei 
is no reason why they should have been more unhealthy tfaaii 
the olii ones. 

The third mode by which heat seelcs to attain equilibrium 
ia by radiation. A grate of burning coals warms a room by 
this method — the rays of heat proceeding from it are evidently 
not brought by currents of air, for they set in towards, and 
not from, the fire ; nor is the heat brought by convection, 
mts ascendj nor by cunduction, for that 



A&DUflOK 07 HXAT. 37 

I gaseoTis bodies is very Blow. Eadiation is tLo force by 
whick tbo Leut of tbc ean leacbea the earth; the heat of 
arms the room ; end tbe heat and light of a lamp or 
candle become diffaaed. From tbeae sources tbe beat proceeds 

n radial hnee as from a centre; and in common with all 
central forces, tbe intensity diroiniGbes inversely as tbe equaro 
of tbe dielance from the radiating point. ~ 
healing effect of the candle, Fig. 2, is ni 
feet than at l.anU four times 
leas at 2 feet than at 1. 
k board, 2 feet square, iie 
held with ita centre 2 yards 
frotc the candle, and another 
'd, 1 foot Bquare, he held 
parallel to tbe first board, 
Lalf way between it and the 
candle, it will intercept tbe 
whole of the light that would f 
have fallen on tbe first board. The i 
square, would also intercept, exactly, ; 
would bnve fallen on a third board, 3 feet square, three 
timea ae far from the candle. This is what is meant by the 
law of inverse squares ; tbe first board at the distance indi- 
eated by 1, from the candle, receives a qnantity of light and 
heat indicated by 1 ; the second board, however, at tbe dis- 
tance 2, bBB the same quantity of beat and light spread over 
A earface fonr times larger, and, consequently, has only one- 
foDTlh the intensity of the first board. The third board, at 
the distance 'd, has only one-ninth the intensity, since it is 
spread over a surface nine times larger than that of the first 

Eadiant heat has many of the properties of light. It 
moves with the same velocity, and is subject to the same laws 
of reflection, absorption, refraction, transmission, &c. The 
heating rays may he reflected or transmitted without dia- 
tarbing the temperature of the bodies which reflect or trans- 
mit tbem; but if the rays be absorbed or arrested in their 
conrae, so as to become wholly or partially estiiiguished as 
rayBjthe bodyabsorbing them immediately rises in tem^etatura. 
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Tlie radintion of he.it is a very differeut proceas from c 
tion ; the one being iii8tantaneon8, and the other slow, Coi^ 
ducted heat raisea the temperatare of the conducting bodiesj 
radiant heat may not disturb the teuperature of the bodio 
that transmit it. Caaeona hodiea are not only the worst c 
dnctora, bnt the worst tranBtnittera of lieat ; while the n 
which are the best conductors, do not Irnnsniil radiai 
at nil. 

The incessant strnggle that is gfoing on anion)^ hodiea t 
attain equilibrinm of temperature is strikingly iilnstrated ii 
the ease of radiant heat. All bodiee, in whatever state, > 
constantly engaged in radiating heat. When a nnmber 
bodies radiate to each other eqiinlly.BO that each, in proportion 
to its aize, receives as much ae it gives, the temperature remaiiw 
the same. If, however, a body of a higher temperature I 
introduced among them, they radiate their heat to it ; 
radiates to them more heat than it receives, so that its tem^ 
perature falls, while their temperature rises niitiiequilibriaffll 
18 attaiaeii. If a colder body be introdnced, they radiate to H 
88 before ; but as it radiates to ihem less heat than it reoeiva^ 
its temperature rises, while theirs falls. Tlio chillin 
which B ship's crew feel on approaching an iceberg ariBB 
from the fact that they radiate towards it more heat that 
receive, 

A ray of heat, or of light, proceeds in a straight 1 
until it meets a reflecting surface, from which it rebounds ui 
another straight line, the direction of which Js determined by 
the law, that the angle of incidence is equal (o the angle 

It TOuat also he noticed that the plane of reflection, or that 
imaginary plane which contains both the incident an " 
ray, is perpendicular to the reflecting surface at the point of 
contact. In curved surfaces a perpendicular, or mmnal, Cain 
' be erected at auy point, whieh in such cases acts bb a taugenlt 
plane, touching tlie enrved snrface at snch point ; hence, i 
a speculum have the form of a paraboloid, any nnmber of ravi! 
proceeding from a point called its focns will be reflected iot 
parallel lines, aud if snch parallel lines or rays fall upon elicb 
M gar/ace they biIJ all be reiJectod so as to meet ii 
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Two Buch specula are aliowu in Fig. 3, with their nxea in tlio 
eame Btr&ight line. If n hot body, such ns a Qask of hot water, 
be placed at o, in the focus uf the mirror, a, all the raya 
which it aenda to that mirror wilt he reflected in parallel 
finea, and ho reaching the other mirror, n, will be reflected an sa 
to meet in ila focua, d, where a thermometer will he affected 
more than at any other apot, even though ancii spot be much 
nearer the hot body, a. It'a screen be placed either between 




&Dd A, or between n and d, the effect on tlie tliermometer 
inatantly ceaees. A red-hot iron hall, placed iu the focua of 
ons mirror, will fire comhuatihle bodies placed in the focus of 
the other mirror, at the distance of 10 or 15 feet, or more. If 
K hall of ice be placed in one focus, n. thermometer io the other 
iriU be observed to fall.* It was once snpposedthat thia arose 
&om the radiation of cold ; but bearing in mind the theory 
of radiant heat, already given, it will be seen that the ther- 
mometer sinks, because it radiates heat to the hall of ice. 
Indeed, if one of the parabolic mirrors be turned with its 
axis towards the blue sky, a thermometer in its focus will 
sink some degrees by day, and it has been known to sink as 
niDch as 17 degrees by night. If one of the mirrors bo 
turned to the aun,the raya of which maybe considered aa 
phyeically parallel, they will be collected in the focus of the 

• TioB eJtperiment ia commonly referred to M. Piotet, of Geneva, and ia 
AiKiibod in hta Eiviit de Fhynqiie, pubUabed in 1790. The esparimeat, 
hvnever, ia spoken ot by OldeDbiuE, in a. leiler to tbe Hon. Bobert Boyle, dated 
See. 19,1665. He Bays — "-I met t£BotbGrdHy,iii tbe 'AatrDlogicul Uvtconraa' 
4f 8It ChriBtapheT beydon, wilh an nspoiimeat which hp aflirma to have tried 
Mnaelf, imporung thut cold accompiuiiBartflBcled light, by employing bnra- 
lu aplieijoi concaves, 01 parabolicai sections, which faosaith niUaeseDslbty 
l3w[Ae Mtua) cold ol saov or Ice, as it [they] nill the heat of the Ban." — 
JiyfaV Wm*,, 1744. 
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mirror, and illiietrate the origin of the word " foctia " by ilf 
powerfid heating effect. 

The mirrors used in the nbove experimeota are of speca> 
lum metal, or of copper silvered on the concave faces. T 
a surface, being the worst kind of radiator, ahsorbB thft- 
leaBt proportion of the rays impressed upon it, and, conser 
quently, reflects the greatest number. Surfaces differ greatlyi 
in reflective power : metals are the beat refleetora ; hoi in 
different degrees. Out of every 100 heating raya that fall 
tipoa a Burfoce, polished silver reflects 90; bright lead, GO; 
glaaa, only 10, If the aiirface be scratched or roughened tha 
heat ia reflected from it irregularly ; but if the surface be 
coated with lamp-black, moat of the incident heat ia 
reflected, but absoThed, and the temperature of the ahaorbiug 
body riaea. The power of reflection reaidea at, or very near,, 
the eurface of a body. A surface of leaf gold, less than the 
200,000th of an inch in thickness, reflecte heat nearly aa well 
Bs a mirror of solid gold. The best reflectors are the ^ 
abaorhenfB, and vice versd. 

The abaorbing and radiating powers of the same subBtance 
are directly proportional to each other. Sir John Leatie 
formed a cubical vessel of tinned-iron plate, and covered one' 
of its sides with lamp-black; a second with writing-paper ; 
third waa roughened by scratching; and the fourth was left 
bright. On fiUing the cube with hot water, and placing i1 
in the focna of one of the mirrors, with a thermometer in that 
of the other, a different temperature was obtained aa each sidft 
of the cube was presented to the mirror. The largest amount 
of heat was radiated from the lamp-black, leaa from the paper, 
istifl lesa from the acratched surface, and least of all from thS- 
polished surface. Details of this kind have a great practical! 
value ; for we see that a hot liquid in a blackened veseel wift 
cool down more quickly to tiie temperature of the air than if 
it were in a bright vessel ; and hot-water pipea, intended for, 
warming a building, ahoukl be blackened in places where th» 
heat is to be distributed, and kept bright in the approaches 
where the heat ia not wanted. 

The increased radiating power of a surface roughened by 
caery, by tlie file, or by drawing streaks or lines witli a graving^ 
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lool, oriaes, according to Jlelloni, from iiicrenaing tlie denaity 
of the surface. In support of thia view, he took four plates 
of silver, two of which, when cast, were left in their natural 
elate, without hammering, and the other two were planiehed 
to a high degree under the iiammer. All four plates were 
then finely polished with pumice-stone and charcoal, and after 
this, one of eneb of the pairs of plates was rougliened, by nib- 
Mngwith coarse emery paper iu one direction. The quantity 
of heat radiated from tliess plates was as follows : — 

HnmnicrTil iuid polished piflta 10° 

Hammered und rnuRheDed plnte IR" 

Cast and piilisheii plale lU-7' 

Cost and roughened plate 1 1-3° 

Thus it appears that the hard hammered plate was increased 
in radisting power four-fifths, by rouKhening its surface, while 
tha Boft cast plate lost nearly one-fifth of its power by the 
same process. 

Melloni made the remarkable discovery that the amount of 
■bsorption depends a good deal on tlie nnture of the heating 
BOtirce. If we talie the naked flame of an oil-lamp, a platinum 
wite heated to redness in the flame of the spirit-lamp, a piece 
of efaeet copper heated to between 700° and 800° in a cnrrent 
of hot air rising from a lamp beneath it, and, lastly, a copper 
canister filled with hoilinK water, we have four distinct 
sources of bent. If one of the balls of a differential ther- 
mometer be blackened, it may evidently be placed at such 
distances from each of these sources ns to indicate the same 
temperature in each case. If the ball of the tbEmioseope, 
Uietead of being coaled with lamp-black, be covered with 
another substance, the distances observed in the former case 
will now no longer apply in order to get tha same temperature. 
If, when the ball was covered with lamp-black, the heat 
absorbed in each case -were 100°, it will, if coated with white 
lead, and placed at the same distance from the naked flame, as 
kefore, only indicate Hi^ ; at tho same distance from the red- 
imt platinum, only CG°; from the heated copper, 89°; from tlie 
flopper cube of boiling water the result is tlie same as whea 
&6 bflJU of the tbermoacope was covered \v\t\\ \B.ici-5^ft.d*.. 
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given In (he MoxviDg tal>Ie : tl,e results of o few of wLicli ariJ 
Oilier GiibistanceB were tried, — fl 




a:«w1>1iih Satlare. 


I'lmne. 


plminiuu. 


76U> Fulir. 


^^^U 


rmnelflss 

Indian ink 

Bhell-lac 

Polisbed me(al . . . 


100 
53 
52 

■13 
H 


100 
50 

B5 
47 
13-5 


JOO 
80 

67 
70 
13 


i| 


It will be seen from lliis table that la.np-blact absorba sK 
the iieating roya from wbate«er Hource, and tiiat the ahsorptivS 
power of a metflliic surface, though small, ia uniform in ever] 
case. It will also be noticed that the less intense Bource c 
heat, viz., that of boiling water, a greater amount m abaorbe 
than in the other cases. It ia an old ohBervation by Franklin 
that pieces of cinth of the same size and texture, but of differeo 
coloure, piftced ou newly-fallen snow, absorb heat in diffuren 
proportions, ae indicaled by the greater or loss rapidity will 
which the snow mdted under them. The absorption wa 
greatest in the case of the black cloth, less with the bine, «tii 
lesa with the green, and diminishing in the order of pnrplq 
red, yellow, and white. Welloni also found that bodies vario 
considerably in their [ranemiBsive power for heat Bueh m 

from Sia, " throngh," and OipfxitQ. " hot," while bodies thi 
are opaque to heat sre termed athermanoiii, or adiatliermi 
(the Greek a signifying " without "). Bodies that are Irani 
parenttoiightmayBtop the rayeof heat more or less completelj^ 
Pure water, for example, transmits most of the rays that i 
doea not reflect ; the addition of a few drops of indian ink wil 
greatly diminish the transparency of a large quantity of watei; 
hilt Htill the light transmiitod ia of the same kind as tha 

arrangement of colour, \vhen pnssed throngh a prism, as tha 
transmitted by pure water. If, however, the water be mad 
turbid by means of Indigo, the transmitted light is no lungei 
t/ia same, some of (he luminous rays havinj been mora coffl 
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ab8ortei3 than others. Tho heating rays may be 
pposed to undergo a somewhat eiiniUr change ; but while 
7Mt number of bodies, aiilid. liqnid, and gnseone, are trans- 
light, there ia only one known aoliit thnt is diather- 
ir transparent to heat, and that is rock salt. Atmos- 
lerio air, oxygen, nitrogen, and hydrogen in a pnre and dry 
Kt» are almost perfectly diathermnnoua ; but several trans- 
irent gases, eBpeeiallyolefiantgas, and also voponrs, havebera 
lown by ProfeBsor Tyndall to he powerful absorbera of heat, 
jiqnida also absorb varying proportions of ihe heating rays. 
Hejit, like light, admits of being refracted, as may be seen 
'the action of a hiirning-glaas, which converges tiiesnn's 
tys to a point. The solar Bpectrnm has its heat very nn- 
[tially distributed, (he maximum temperature being jnst 
idow the red ray. If, however, other sources of heat be used 
ittead of tlie sun, the position of maximnm tempurature is 
and to vary. In the spectrum from the flame of a naked 
iliq>, the maximum intensity ia about tlie middle; in that from 
putcd platinum it is nearer the red ; in that from copper at 
'fit ia still rearer; while the heat radiated from a anrfaee 
i( 812^ contnina a few only of the more refrangible benting 
It appears, then, that & pencil of invisible heatconaista 
of different re f rang! bill ty, and such a pencil, in passing 
bimigh certain aubstances, becomes altered in character, as 
igtt does in passing through coloured media. We know 
liatthe Bun's rays pass through glass and otber media with- 
nit being absorbed, so that a bnming-glaaa may produce a 
bens of intense heat and light, and be itself quite cool ; while 
"Iiold before an ordinary fire it will produce a focus, indeed, 
it one containing very little heat and light, while the glass 
self becomes warm. Glaas, then, trauBmita the beating rays 
if the Btin with ease, hat such rays exist in very email quan- 
itiea in incandescent bodies. A glass screen ia used for look- 
Dg into a highly heated furnace, and this can be done witb- 
Ot haconvenience, since the glass absorbs tlie heated rays and 
tMsmita the luminous ones. If the spin's rave be transmitted 
farongli water, and then through green glass, coloured by 
UMBB of oxide of copper, a beam of greeuish light is obtained, 
rhlcJ), when concentrated b^ lenses, has conwdeTiv\i\ii\u\fiTs'«Ag 
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Lut no heat, the heating raye liaving been BCparateil during 
the titration. 

The propertiea of radiant heat vary, as we have e 
according to the source; hut when heat, from whatever aouro^ 
iiaa been once absorbed and radiated again, it baa lost t' 
distinctive character of its source. 

If the reader will turn to onr " Introduction to the Stud] 
of Natural Philosophy," he will find some remarks c 
diatiuctioa between heat and temperature. Bodies of these 
temperature may contain very different quantities of hes 
although the thermometer may show no difference. T 
of equal size, one containing a pound of olive oil and the othfii 
a pound of water, left for some time in a room at 40°, will botl 
mark that temperature on a thermometer inserted into eachi 
but if the flasks be taken into a warm room at 70°, the thet 
motnetera will be seen to rise slowly from 40 to 70^, bat no 
with equal paces — the thermometer in the oil will r 
more qaicbly than that in the water ; hence it is a perfect^ 
fair inference that less heat is required to raise the oil fron 
40° to 70" than bo to raise the water. If the flasks be taka| 
hack into the cold room the oil will cool more quickly tl 
the water. That the water contains more heat than the 
nt any given temperature, may be proved by placing the flaskl 
in boiling water, and then in funnels conta.iuing eqnal qnooi 
titiea of ice. The water, in cooling down to the temperatiiM 
of the ice, will melt tmce as much ice as the oil. It is evident^ 
then, that bodies of the same temperature may contain un* 
equal quantities of heat ; that the qnantity of heat requirect 
to raise pure water 1 degree, as from 32° to 33°, must I 
varied in order to produce the same effect on other bodies; 
which quantity of heat required to raise a body 1 degree i>{ 
called its specific heal. Pure water is the standard of co 
parison, and its speci&c heat is said to be equal to I'OOO. 

One of the methods of ascertaining the specific heat of 
bodies is the calorimeter, which consists of three concentria 
metal vessels, e, o, e. Fig. 4, enclosed one within the other, and 
connected by as few supports as possible. The instroiuent 
mnst be in a room where the temperature is not 
B^ander32°. The twoouter compaitmeiita, 9 o, and also t})S 
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T, are filled with broken ice, which, being ia a melting state. 
preserves a constaDt temperntiire of 32°, only receiving hent 
from the external air as well as Icom the innermost vesael, k. 
When, therefore, the aubetance, the apecifiu liest of which is 
lo be examineil, is placed in e, all the heat that it gives out ia 
employed in melting the ice which immediately Bitrrnunds it, 
aodthe water thus obtained paaBea by the pipe,*?, intoaveesel 
beneath, In which itia weighed; 
and it is thus ascertained how 
much ice has been melted with- 
out raising its temperature, or 
iiav much water mii!;ht he 

id 142° (a number that will 
ba explftined presently, p. 18) 
by the cooling of the Eubacance 
CXUDined through a known 
number of degrees, since no 
luat can penetrate to this 
ice from the external air, be- 

le all the heat that enten 
tils onloriiueter from without is 
absorbed in melting the ice of ^ 

the outer vessel, and the water 

thns formed drains away to waste through n separate pipe, d', 
tBi is not ollowed to mix with the drainage of the inner ice.* 
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■ In fact, SB long as tha two outer veaaela are kept coDBlantly ■ 

( Bupplieil with melting ice i'rom the top, they form s perfeody ig 

insulating nail, through which no heat can posa, for as ica ■ 

cannot eicitit ahove 32", whatever heat enters it mast be ■ 

employed in melting tha first layer, and can proceed no further - 

if that layer be renewed. By means of the calorimeter, tahlea c 
of specific heat have been constructed, of which the following 

is a apecimen. It reprcsenta the specific heats of eq^ual weights - 
between 33° and 21:;° : — 



I'OOOOO 
042i93 
0-24150 



Coppar U-09: 

In the case of liquids tlie specific lieat may he ascertaine 
by the method of mixtures. If a pound of mercury 
example, at 40°, he mixed witli a pound of water at 15(5° 
temperature of the mixture will not be the mean, aa in wvj 
ease of two portions of the same kind of liquid of different 
temperatures, hut as much ae 1S2'3° ; the water having loat 
S-7?, while the mercury has gained as much na 112-3", 
these numbers be compared, we find that aa IIZ'S"^ is to 3'T 
flo is 0'03332, the specific heat of mercury as given 
above table. 

The specific beat of gaaea is found by conducting del 
from a vessel at 212°, through a spiral tube surrounded f ' 
cold water, which is thus raised in temperature ; and i 
way, by operating with different gases, different results 
obtained. In order to raise 1 lb. of water from 32° to 21S 
the same quantity of heat is required as will raise 4 lbs. of 
atmospheric air the same number of degrees; hence the 
specific heat of air is one-fourth, or, more exactly, 0'02C6il 
that of water. So, also, a pound of water 
degree would raise 4 lbs. of air 1 degree. On comparing 
equal volumes the result ia mora striking ; water is 770 
times heavier than air, and a cubic foot of water, in losing 1 
degree of temperature, would raise 770 X 4=^3080 cubic 
/eei of air 1 degree. The very much gieatev capacity of water 
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over all other bodies, enlid, liquid, or aerial, is of 
oomiderable imporlntica to the well-beiog of this gloLe. The 
ooean thus Rcts in mitigating climate, since the heat of Euinmer 
is alowty giveu out during wiuter, so that ialandB ami the 
■hnree of continents enjoy a milder climate than the remoter 
inl&nil. The Hmall speuitic heat of mercury allows it to become 
quickly heated and qwioltly cooled, and thus renders the ther- 
mooieier seusitive. The mobility of air ami ita siiBCeptihility 
to heat render it liable to frequent change. When air la 
anddenly compressed it gives out its heat, while ite sudden 
expanuon produces cold. As the air ascends from the earth 
il expands, its capacity for heat is increased, so that it coola 
itMlf and surrounding bodies. Cold air, on the contrary, 
descendiug from the upper regions, has its temperature raised 
hy condensation as it approaches the earth, without obtaining 
a mipply of heat from any other source. lii tiiis way parts of 
tkft earth are rendered habitable, as on mountain slopes in the 
flqaator, where the air from the burning sands below becomes 
meled by cKpansion in ascending, while the cold winds from 
iflie enow-clad suramits above become condensed and waroter 
fa deaeending. 

When heat is added to a solid body, the first effect which 
VBnke the increase of temperature is a-paiuion ; that is, the 
Coltemve or attractive force becomes more and more opposed 
hy Vae repulsive force of heat; the particles are consequently 
Btpented to greater distances, and the temperature rises. At 
ft certfiiu point, however, the temperature, as marked by the 
ttennoDieter, becomes stationary, and although the heat be 
iBOBtiBnally applied, the temperature dues not rise. The solid 
faaew undergoing a change of state ; it is passing fem the 
into the liquid state ; and no rise in temperature will be 
mlilthe whole of the solid baa become liquid. The 
v-hich a body begins to fuse or melt, is called ita 
fimngpoivt, or point of Uquef action, and is different in different 
mbslances. The qnantity of heat absorbed by the body, and 
Wtaieoo anted for, as far as the thermometer is concerned, ia 
Silled laiaitheat. When the body ia liquefied, the tempera- 
tun again begins to rise, until another point is attained, when 
it affnio becomes stationary, and the litLmd\)eg[\n6\n "^oaa tffi 
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in the forni of vapour or steam. Tliia point is called the 
hoiUny point, and is also different in different Bubstancea. The 
heat abflorbed during the process of boiling or vaporisation is 
also called latent. 

If, for example, n quantity of enow, nt the temperature of 
zero, with a thermometer in it, be placed in a vesAcl on the 
fire, the temperature will bo observed to rise to 32"; the 
snow will then immediately begin to be converted into water, 
and the thermometer will become stationary at 32", until the 
whole of the enow is melteii. This temperature, is, therefore, 
the melting or fusing point of anow or ice, and the heat ab- 
sorbed or rendered Intent dnring the process, being that which 
is necess.try to produce liquefaction, is hence called also the 
heat of liquefaction. I 

The amount of heat tlina rendered latent may be nscer- | 
tnined by placing in the calorimeter a pound of water at any 
given temperature, and observing what weight of ice it dis- 
Bolves in falling to aome other tcmperntnre. In this way we 
con oseertnin that o pound of hot water, in falling through , 
abont 112°, will melt a ponnd of ice ; and in general, any | 
given weight of water, in falling through 142°, gives out 
sufficient heat to melt its own weight of ice. When, there- | 
fore, ice is liquefied it absorbs and renders latent aa much heat | 
OS would ba sufficient to raise its own weight of water from 
32° to 32° (Ji 142° = 17i°. Tbia large quantity of heat is 
necessary to the liquid condition of water. It cannot exist with- 
out it any more than ice can exist without giving it up. To 
prove this, let a flask of water at G0° be immersed in 
nt 30° below zero F.,t.e.nt — 30°; a thermometer, No. 1, iu the , 
mercury will gradually rise, and a thermometer. No. 2, in 
water will fall until it reaches 32°, the freezing point of watsi 
No, 2 vrill remain stationary while the water freezes; 
No. 1 will goon rising. showing that the water while freezi^j 
ia giving off heat to the mercury. When all the water li 
become ice. No. 2 again begins to fnll ; but No. 1 still r 
until its temperature ia the same as No. 2. The latent bej 
of the water ia thus gradually made apporent, and 
out during the freezing ; and as the temperature of the ice u 
the eniae as that of the water before it was ftozen, i 
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Ko. 2 became stationary, the lieat thus liberated must pass to 
the mercury. 

Thb liLeration of heat during freezing mitigntes ihe winter'* 
cold and diroiniBhea the thicknesB of the ioy layer produced 
by one Dight'B froBt, for as the water freezes on the surface, 
one portion of the heat of liquefaction is given off to the air, 
and ftnother portion to the water below. So also during a 
thaw, the ice iu melting alowly absorbs its pruportion of latent 
h«at, aud the accumulated ice and snow of winter gradually 
disappear. If ice were rapidly to absorb its luieni lieat, the 
SQOW and ice would liquefy too quickly, and terrible floods 
would be ihe consequence ; but as (he laieut heat of water is 
greater than that of any other body, it undt;rgoeg iis changes 
more slowly. The latent heat of water is ll2't)6°; that of 
Bind is 50-63"; of silver. 37-92°; of tin, 25-t)lP; ofeulpbur, 
16-86°; of lead, 9-65= ; and of mercury. 511". 

When all the ice or snow in a vessel over the fire is melted, 
the thermometer will rise from 32°, through 180°, until it 
reuhea 212°, which is the boiling point of water nnder ordi- 
nary atmospheric pressure. The thermometer again remains 
stationary while the water is paaaing off in the form of eteam. 
This change of etate from the liquid to the gaseous form 
requires a large amount of beat to be absorbed nod rendered 
latent. If we note the time required to raiae water from the 
freezing to the boiling point, or from 32° to 212°, through an 
interval of 180°, and then note the time required to boil awny 
the whole of the water, it will be found to be 5^ times tliat 
of the former; that is, if it require 5 minutes to raise the 
Uiermometer 180°, or from freezing to boiling, it will require 
274 minutes to boil away the ^^hoIe of the water without any 
rise of temperature. It is obvious, therefore, that during 
this time, the water, in passing into steam, must have absorbed 
180° X 5i = 91iO°, which is the latent beat of steam. 

On condensing steam, the latent heat becomes apparent, 
jost as the latent heat of water does when it becomes solid. 
It is this large amount of latent heat in steam which renden 
it important as a, beating agent: 1 gallon of water con* 
verted into steam contains sufficient heat to raise 5^ gallons 
ftom 32° tf 213°. Hence, steam made l<i citlMiEAe \w "^\^«* 
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tliTOugh a btiikling is an efficient and cconnmical Bonrce oM 
heat; 1 Bqame fnnt nr riuliating Bitrfnce in a steam-pipM 
being, in general, enfficient for ■warming 200 cubic feet (H 
(tpace. No other vii]>i>ur contains nearly go much latent hew 
Bs Bteaiu : 9'J0° ie perhaps in excess, but taking %6'6 astba 
more prohable iiiimlicr at the boiling point of w&ter, tbs 
latent heat of on equal weight of alcohol at its boiling point lifl 
STt-y"; Hint of etlier. 162^8°; and that of oil of turpentin^ 
133'2°. Equal bulks of different liquids give very differenlt 
vuIliiiicb of vapour ; a cubic inch of water at 212° becomesi 
very nearly a cubic foot of steam at the same temperature^ 
expanding as it does into 1.6UG times its volume. Alcobi 
boild Bt 173°; a cubic inch of the liquid at 60°, expands i a) 
£23 cubic inches of vapour at its boiling point ; ether boils I 
96°, and gives 2!lti culiic inches of vajionr ; oil of turpentin 
boils at 2H°, and gives 11^3 cubic inches of vapour. It i 
this marvellous expansive force of steam, due in great meaann 
to the large quantity of vapour from so small a quantity o& 
liquid, that renders it so admirable a pi-ime mover in th 
steam-engine. Alcohol boils nt a lower temperature, ani 
requires much less heat in becoming vapour, yet, were it K 
cheap as water, it would not be so economical iu the steaai 
engine, on account of the comparatively small volume g 
vapour produced by the liquid. 

Tlie sum of the Intent and sensible heats in a body i» vef; 
nearly constant. Fur example, if water nt 212°, in changioj 
ita state from the liquid to the vaporous, absorbs 950° t 
heat, water at 262° would absorb only 900°, and water ■ 
162" would absorb 1,000°, the sunt in all three cases beii^ 
the same, viz,, 1,1(;2''. 

The quantity of vapour given off by different liquids ati 
given temperature beara relation to their boiling pointa, tb 
tnoat volatile liquid giving off the largest qnontity of vapaul 
The differeuce of volatility indifferent liquids may be meat 
by sending a few drops of each liquid into tubes filled 
mercury, and standing In a cistern of that metal. As 
BS the liquid reaches the Torricellinn vacuum it instaiitl; 
evaporates, and fills the space with vapour, nhich, by it 
tJastioity, depreaaea the roercurisJ column, and messareft tb 
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ctutic force, or the preAstire of the vapour in qnpstion, at ths 
oWrved temperature : for high teniperatareB the haroraeter 
tnbe can be endoaed in a wider tube filled with water, which 
can be raised to the boiling point. The quantity by which 
the metcnrial colamn desceiidR represents the length of tha 
colnmn that the vapour would eupport. Thus, at 60° th« 
Taponr of ether will support a column of rather more than 
11^ inches of mercury; while the vapour of alcohol will 
eopport lesB than 1 inch ; and the vapnnr of water not muck 
more than J of an inch. At 212° the vapour of water anpports 
80 inchea of mercury ; or, in other words, ia equal to the 
Btmoapheric preeeure. Beyond this temperature it becomes 
Kgh-preasure steam, which at 230° will support a column of 
mercary 42' 15 inches bigh. In the following table, the firet 
eolamn representa the temperature, and the other cuiumns 
the height of mercury in inchcH Buji])orted by the vapour of 
the enbatance at the head of each column. 



Temp. Tahr. 


Kihet. 


Alcohol. 


W«er. 












2-726 


0-131 


0-038 


+ H 


-1'356 


0-256 


0^)B2 


32 


7'17a 


0-SOl 


0-182 


SO 


n-2TS 




0-361 


66 


17117 


1-732 


0-688 


S8 


25'073 


3-086 


1-245 


10* 


35-971 


6-1 r,9 


S-188 


123 


491)20 


8-673 


3-631 


IW 


68-131 


13-776 


6-874 


158 


BOfla 


21-228 


0-201 


I7S 




3S-O0O 


13-9B8 


IB4 


153-60 


4e-B(;0 


20-740 


B13 


103-73 


6(3-330 


30-000 


2-JO 


S46'02 


92 580 


42-450 


240 






40-070 


250 






68-310 


260 






67 730 


370 






77-S50 


290 






100-200 


SCO 






111-810 


&.0 


- 




135-000 



It win be seen by this table that water and other volatile 

liquids throw off vapour at verv low teroperatureB wtea 

D 2" 
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expoeeil to the air : this process ia called apontaneoua evapor**' 
tion. The liquid filld the space above it with vapour of m 
fixed density aud eladticiCy, dependiog ou the teiuperatura. 
Wlieu tlie space can contain au more vapour at a given teni' 
perature it ia said to lie aaturated. The density of the vapour 
at the given temperature haa a eertaiu fixed preeaure, i ' ' ' 
IB measured hy the column of mercury which it will Enpporb 
Ho more vapuur can enter the apace nnleaa the temperaturt 
be raised, and should tlie temperature fall, a portion of th4 
vapour will be condensed, and the remaining^ vapour i 
expand ao aa to fill the original space and have a density and. 
elasticity due to tlie altered temperature. During eva)>oratiok 
the vapour ia aiipplied from the surface only of the litiald 
During ehullitiou or hoiling, steam is formed at every part ol 
the liquid. In boiling, the vapour main 
temperature, provided the pressure remain the same ; t 
evaporation may go on at all temperatures and pressures, t 
quantity of liquid evaporated depending on the temperature 
and the amount of aur&ce exposed ; or the pressure may b 
increased or diminished, or removed altogether, without 
affecting the result, or that quantity of vapour which c 
exist in a given space at a given temperature ; the saturatiofl 
uf that space requiring a longer time in proportio 
density of the air contained iti it ; while ii 
saturation is instantaneous ; this is the only difference. 

The amount of evaporation, however, is greatly influai 
by the motion of the uir, which carries off the vapour froD 
the surface of a liquid as fast as it is formed. A strong winf^ 
will cause twice as much vapour to be discharged as a atti 
atmoephere. Daltun asceriaiued the number of groins weighj 
uf water evaporated per minute from u vessel 6 inches i 
diameter, for all temperatures between 20° and 212", whe 
the air was etill, or in gentle or brisk motion. When tfa 
water was at 212°, the quantity evaporated was 120 graini 
per minute in a etill atmosphere ; \5i grains per niinntS 
with a gentle motion of the nir, and 189 grains per minuta 
with a brisk motion of the air. The following is an extriuA 
from his table between the temperatures of 10° and 60" : — 



■Temp. 


F.rc*M™,^«r 


^^"7w«m'" 




mercurj. 


BwrBai 




stni 


OfntlB. 


Brisk. 












42 






1-45 


I'ia 




■305 


l-;2 


[■57 


M)3 












48 


■351 


1-40 


1-80 


2-20 




■3T5 


l-.» 


1-B3 


£•36 


SS 


•401 


I'BO 


2fla 


2-61 


64 


■429 


l'7l 


3-20 


2-6D 


66 


■458 




S-35 




63 


■400 


1'96 


2'52 


a^OB 


60 


■524 


a^io 


2.70 


3'30 



The aiDOTint of spontaneoDS evaporation is aleo greatly 
iaflaenced by the quantity of vapour already existing: in the 
ur. In order to find this, we must asceriain the deio point 
of the air, or the tempernture at which the vepour in the air 
begins to eondenee, and then, by referring to the table, the 
qtiantity of vnpmir in the air at the time can be found, and 
this, deducted from the quantity ahown by tlie table to bo 
given off at the ascertained temperature of the evaporating 
Eqnid, will give the quantity of water that will be evaporated 
per minute. In finding the dew point, the wet and drybnlb 
ibennometera may be used, with reference to the Hygrometrio 
Tables iwued by Mr. Glaidher, which give the dew point 
when the lemjieratnres are known. The principle of the 
hygrometer is to bring some colder body into the air, or have 
the means of cooling some body to snch a point as shall just 
condense the vapour of the air upon its surface. Dr. Dalton, 
■doptini; Le Itoi'a method,* used a very thin glass vessel, 
into whii;h he ]>oared cold water from a well, or cooled down 
the water hy adding a small portion of a freezing mixture,' 
If the vapour were instantly condensed, he poured out tha 
cold water, and used some a little warmer, and so on, until 
lie could just perceive a slight dew upon the surface. The 
temperature at which this took place was the dew poiat. In 

* Sm " Experimental Eaaji' Id lliia Beiin— Esuy lU, 



SI BFONT^NEOUS EVAFOKATION, 

Doniell's hygrometer, tha cold ia produced by the evaporfltion 
of ether. Now, suppose the dew point of the air to be 40°, 
and the temperature of the air aud of the evaporating liquid 
to be 60°, with a atil! atuioBphere, the vapour ia tlie air, aa 
ahown by the table at 40°, ia 1"06 graina, which subtracted 
from that at (J0°, or 2'10, gives 1'5 grains per miuute aa the 
quantity of vapour giveu off from a surface 6 iaobes in 
diameter. 

During the Bpontnneoua evaporation of wet surfaces, a 
considerable degree of cold ia produced by the quantity of 
heat rendered latent by the formation of the vapour, and the 
heat is mostly derived from the hquid itself, or the surface 
oontaining it. By proper contrivances, water may be frozen, 
JB cousequence of the abstraction of heat during tlie rapid 
formation of vapour. When a jierson takes cold from wearing 
-wet clothes, the vapour from the clothes obtains its heat 
from his body, and the chilling sensation ia often the greater 
the warmer the air. A person with damp clothes, entering 
a room filled with hot dry air, is very likely to take cold, oa 
account of the powerful effect of warm air in abstracting 



la a badly ventilated room, the iDoisture from the breath 
of the inmates, and from the combustion of lamps and candles, 
accumulates nearly to the point of saturation. This is well 
shown by an experiment of the late Professor Daniell. The 
temperature of a room being 45°, the dew point was 'id° ; a 
fire was then lighted lu it, the door and window were shut, 
and no air was allowed to enter ; the thermometer rose to 55°, 
but the point of condensation remaincil the same, A party 
of eight persons atterwards occupied the room for aeverol 
hours, and the fire was kept np ; the temperature rose to 66°, 
Bud the piiint of condensation rose to 52°. Now, if this room 
had been properly ventilated, the vapour would have been 
removed as it was formed, and with it the efQuvia and implire 

We have given in this Introduction a few of the leadinj 
phenomena and laws of heat, which we think must be s 
ently impressive fur every thoughtful reader, without reference 1 
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tt) the nature or cnnse of beat. Science is most cfBcient in 
iKve^li^stin^ ilie lawg of plienomeuu raiber tbun the cmiaes of 
things; but etill it is impusHible to rcprcHa speculuiioii es lo iha 
nfctnwi of t'ne Ioiccb witb wbicli wo are constantly dtuling, 
mi lbi« apeculation, with niinda of a bigh orJer, may eotne- 
tiiDBS take the place of induction, and lead to vary iitjportant 
leenlta. Tliua, heat has been aiippuseil by Bnme lo be a very 
nbtle Quid, ciipableof penetrating and combining wicli matter 
BO as to produce latent and seueible etfecta ; ubije beat has 
been supposed by utbera to be a kind of molecular motion, 
which may be generated by friction, pereuasion, compreBaion, 
combuetiun, &c. 

. Let UB examine tliia dynamical or mechanical theory of 
heat a little more cloaely. Pbilosupbera suppose matter to be 
•rerywhere penetrated by a highly elastic ether wliich filla 
an apace, and connects star with star, as well aa atom witb 
atom. The atoms which form a maas of niaiter are lit^ld 
together by c-iheaion, while at the same time they vibrate 
■CK»B their positions. Such vibrations are communicated to 
Ab elastic ether, and the vibrations of the ether are aUo com- 
mmiicateil to the atoms. Friction or percussion, or the cnntact 
oCa heated budy, increases the amplitude of the vibrations of 
tbo atoms, and the body ex panda, while the elher which fills 
the interatomic apsoea is alao in a state of vibration, and reaists 
the force of attraction on the part of Ihe atoms of iiialtcr. 
AegarUin^ heat as a mode of motion, temperature may lie 
taised or lowered by increasing or diminialiing the rates of 
wbration of the particiea. A cold leaden bullet, on n wjW 
anvil, struck with a cold sledge haoimer, becumea heated; 
" and euuld we gather up all Ibe heat generatud by the simck 
of the sledge, and apply it without lim mfcbiinieally, we 
riiauld be able by moans of it to lift the hammer from the 
iie^hHowhicliit full." 

^eat, then, as a mode of motion, is but an illustration of 
ftat great principle of the conservation of /oi-ce wbiuh per- 
vades mudera acience, based on such idia.^ aa these — nnnifly, 
tW the amount of force in the uiiiverau is tix.'d and dofiuite; 
that the creation of force by human agency is a? iinp'itwiblo 
creation ox destrnttioa of matlei-, wad. t^oX. b^ ^\<»sl. 
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arc miitnnllv' convertible — heat passing into motion, 
motion disappearing, to appear again as beat, or light, or 
eleclriciiy. 

Wo cnnnot better illnetrate tliis theory than by Btoting tbO' 
expcri mental facta and the reasoning by which the equiv 
of heat was determined, or. in other words, how miicli heat !»' 
represented by s given amount of motion, and how mnch 
motion can be proiinced from a given amount of heat, 
the following details we are indebted to Professor TyndallV 
charming vulume already referred to. 

It is knowo tliat a gaseons body expands Tffw"* "f ita- 
volume for every degree of Falireiibeit, or tits fur every 
degree of Centigrade ; so that a cubic foot at zero C^ 
A on being heated to 1°, becomes 1-00367 caUa 
feet, or, expressed in other language — 

I vol. at 0° C becomes 1 + -OOSBT at I'C. 
„ at 2° „ „ 1 + -OOaST X 2 
„ at 3» „ „ 1 + -00387 X 3 

and so on. The constant nnmher -00367 is th* 
fraction of its own volume which a gas at 0°, of 
the freezing pnint. expands on being heated 1°;' 
it is the coefficient of expansion of the gas. If 
Fahrenheit's scale be need, the coefficient will ba 
smaller, in the proportion of 9 to 5. 

Let A B, Piir. 5. be a tall cylinder, 1 inchsqnara^ 
P filled with air, closed at the bottom and open ■ 
the tup, with A piston, p, moving in it, air tigh^ 
and withont friction ; which piston it is supposed 
t slinll weigh 2 lbs. 1 oz. Suppose (he piston at p to' 
be 273 inches above the liottom, b, of the cylinder. 
Let the air beneath the piston be at the tem- 
perature of 0*^ 0. ; on heating the air from 0' 
to 1° C, the piston will rise 1 inch, and wiB 
now stand at 274 inches from the bottom. If the 
temperature he raised 2°, the piston will stand at 
275 inches ; if 3°. at 276 ; if 10°, at 283 ; if IOC, 
it will stand 373 inches above the bottom. If thet^ 
5. tetnperfttare were raised to 273" 0., 273 inchet 
be added to the height of the columtt ; or, in othei 
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words, by heating the air to 273° C, ita volume would be 
doabled. 

In this esperlTnent the gae evidently does work. In ex- 
panding iipwarda it has tn overcome the atmoBpheric preaenre 
of IS Ibe. on the Br[imre inch, together wilh the weight of ihe 
piaton, which i» 2 Iba. 1 nz. The eeetion of the cylinder being 
1 aqnare inch, the gas, in expandiug from p to a, does an 
unount of work equivalent to raising a weight of 17 Iha. 1 oz., 
or.2T3 oz., to a height of 273 inches. The effect, indeed, is 
the same as if the air above the piston were abolished, and a 
piaton weighing 273 oz. were iiaed. 

Now, anppose that instead of allowing the gna to expand 
by heat, its volume be made constant by increasing the pres- 
eOK; suppose the initial teinperntiire to be U° U. as betijre, 
■nd the prpssiire also the same as before — that is 273 oz.; if 
ve heat (he gne from 0° to 1° 0.. a weight ol 1 oz. additional 
is required at p to keep the pressure constant ; this augmen- 
tation of YTiT- then, is the measure of the elastic force of the 
gas. If we heat it 2", 2 oz. additional are required to keep 
^e volume constant; and so on up to 273°, when an addi- 
tion of 273 oz. is requisite ; in ehort, tlie original presaare 
mnat be doubled, in order to keep the volume constant. 

In both these experiments the quantity of matter heated 
is the same, and the temperature to which it was raised was 
in both cases the same ; the quantities of heat, however, are 
vary different. Suppose that in order to raise the tempera- 
tnre of the gas at a constant volume 273°. 10 grains of com- 
bustible matter were required, then, in order to raise tha 
temperature of the gaa. tlie preisure of which must be kept 
eoDBtan'. an equal number of degrees would require 14^ 
grains of the same kind of fuel. The heat produced by the 
additional 4^ grains in the latter case is entirely conaumed in 
lifting the weight. Now, the quantity of heat applied when 
the valuTne is constant is, to the quantity applied when the 
preuure is constant, in the proportion of I to L'421. From this 
&0t the mechanical equivalent of heat was first calculated. Ita 
value may be determined somewhat in the following manner : 
— Let o, Fig. 6, be a cylindrical vessel with abase 1 square foot 
iuufi*; let fij> work tbe npper surface o{ & cmViw loo^. ttl «>''* 
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at the temperature of 32= Fahr. or 0° C. The height Apm 
then ba 1 Tout. Let the nir he htiated uutil its vuhitue is d<>()bl« 
. It will require it lo he raifled 2^3" U., < 
490° Ffllir, in tenjperature, and when ta 
paiided its upper surl'ace will Htaad ^tp'f 
1 foot above its former poeitioa ; but i 
rising from p p to p'p'. it has forced oa 
the atmosphere, whiuli exerts a preasnre a 
lu lbs. ou every square luch of its nj 
snrfoue; in other words, it li»s lifts 
wei^rht of Hi X 15 = 2,1^ Ihs. 1 
heiglit of 1 foot. The capacity for hen 
of tlie air thus expanded is 0-2i, wato 
Fig- 6. beiug unity. The weight of the cubi 

foot of air is 1'29 oz., hence the quantity of heat ra 
quired to raise 1'29 oz. of air 41>0" Fahr., would raise I 
little less than J of (hat wei^'ht of water 4iK>° Fahr. Tbi 
exact quantity of water equivalent to the 1-29 oa. of sir, il 
1'2'J X 0'24 = 0-31 oz.; but 0-31 oz. of water heated !«' 




)i Iha. heated 1°. Thus the hell 
', in order to double ila volumBi 
ight of 2,160 Ibe. 1 foot higb^ 
I ^ !hfl. of water 1" Fahr. :" 



490°, is equal to 152 oz., o 
imparted to a cubic foot of 
ftnd enable it to lift the "i 
would be competent to ra 
temperature. 

The air has been heated under a constant pressure, andwfr 
have seen that the quantity of heat required to raise the lenfi' 
perature of a gas under constant pressure a cerlaiu niitnbet 
of degrees is, to that required to raise the gas Co the BiLm4 
temperature when its volume is kept constant, iii the pro* 
portion of 1"42 to I ; hence we have the statement — •■ 
1>43 : 1 = 9-5 lbs. : 6'7 lbs. This shows that the quantity of 
heat necessary to augment the temperature of the cubic fool 
of air of constant volume 490°, would heat fJ-T lbs, of water l^j, 
deducting 6-7 lbs. from Sl-Slbs., we find that the excess of 
heat imparted to the air in the case where it is permitted tOi 
expand is competent tu raise S'Slbs. of water 1° in tempers' 
ture. As already explained, this excess has been employed 
to Jift 2,160 lbs. 1 foot high. Dividing 2,160 by 2-8, we fiud 
ebata quantity of bat Bufficlent to luse IVb, of ^fttsT V Fahft 
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teinpprature ia competent to raise a weight of 7Tl'4Ibs. a 
fout liigli.* 

Quitting this part of the anliject, it will bo iiistnictive to 
ahuw how ibe doiMrine of apecilic onii iaieut heat ia taught 
by the new theory. 

Ttike a piece of metai— lead for example — and apply to it 
a certain amount of heut. The Lcat is dispnaed of in twc 
diatinct ways — one of which is to impart that kind of motion 
,ta th« particles by whii:h the temperature ie ruised, and 
which IB Beiieible to the thermometer ; while another portioo 
«f the beat is expended in forcing the atoms of tiie lead into 
aew pogitioiiH, and this portion is lost oti lieat In tbiiB muving 
the particles into new poBitionH, a portion of the heat u 
expended in performing interior work; and as the body oooJa, 

• According to Dr. Tvndiill, thia melJiod of Mlculnling the equivalent of heil 
m» tm indicated by Dr. Maver, a phyBiniiin Bt Heillironn, in Oermany, ii 
■As ^ring of 1843. Id Auguisl, 184i, Mr. Joule cotunmnicBt«I b paper to 
Jha Brilial) AspocUtion at CoS, in which he describes a series of oxperiment;; 
m magnetii.electricicv, executed with a view to determiae the mechanical' 
at the heat. 'lo 1B4D he otiiajued the following number lor tilt 
-'—' Bqolmleat of heiiC; — 

'J72-BB2 from fiiotion of water, mean of 40 experiment!. 
774-1)87 ^ cast-iron ", 20 ", 

9</r reaAona asai^ed in hia paper^ Mr- Joule frxea the exact erjuivalent ot 
bnit at 772 Iba.. which ia almost identical with Mavera eiinivalent. Iii 
MypiQng Iho claims of Mayer and Joule, it must be rcinenihered that U 
IHSti atarted the Iheorr, it waa Joule who did the work, and ei^tablished the 
-Amm; on an expeiimcntal basis. 1'hc idea, however, that lient is not a fluid, 
JU nilj a niMion, in at leaat aa old as Daucn anil Uvkc ; while Kumfiird and 
^^rf allowed, by experimenl, Ibat motiuD it c^iuvi^rtiljle Into huiI. Carnot. 
IMn^ Clauidua, fielmhnhz, Hnlizmaan, Bankint', ami Tlioni^on, mav all hi 
jumoa u vwrtliy h^oureni in the lield; but tbe di^-oiivery uf the exact 
tottlrBleDt of heat — that i*, hmv much heat is represenitd by a (riven amnuni 
« DOtlaD, and how much motion can ha produced from a giwn amount ol 
bMI— must we think, lie shared between Maver and Jonle. Profeswr Teili 
heirever, expresses his opinion that most of the results obtaineit by Ihiire who 
Uva worked at the dmaiuic theorvof heat must real <in bvp'ithetlcal groundf 
«fl(a«elinow mor« of the iniimate' slructiira n! matter and the Idnd of motion 

elrtlich healbeluugs. " Tbe gi'iierHl priui;i[)le "f ibeoonaemition of anergy 
fmnded on the exa^t dL,-lETniiii:it[i>n of relations of equivalancu bi-t*« l 
ieri!v, Di)[l eHiieciaily betwnm heat oil the one hand 
I succl-hhIoii. I'lils was bi'futi by Jonls in 1640, and 
va'^t amount of important k«ii\Vi before tlte appear- 

Kr," FrofesMir Tait dunouiicea the enaloiiy as fain 
T of material ms.~ses by Ersvitation, and Che con 
^ by the external appllMtion ol mM\iu^edL Ioma. %Mk 
' Jfagaeiiu, 1BB3, 
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tte forces which were overcome in Beporating the particles to 
m greater dintnnce again resume their Bway, and a.ct by draw- 
ing the particles nearer together. 

In gaseous bodies it is probable that the elementary atoms, 
whether different in size and weight, if of the same tempera- 
tnre. possess the same amount of energy called heat, the - 
lighter atoms maliiiig good by velocity what ihey want in r 
The atomic weight of hydrogen is 1, that of oxygen by th« 
new theory 16 ; so that a ponnd of hydrogen would conlaiit 
sixteen times the number of atoms that a pound of osygen 
would, since the number of atoms in a ponnd weight i 
inversely proportional to the atomic weight. Hence, in order 
to raise a pound of hydn^gen 10°, say from 60° to 60°, six- 
teen times more heat would be required than to raise a sir 
weight of oxygen 10°, So also a ponnd of hydrogen, in 
failing through 10°, nonld yield sixteen times more heat than 
a like weight of oxygen in falling 10°. But in gaaeoos 
bodies there is no interior work, since there are no molecolar 
attractions to he overcome. In solide and liquids, on ths 
contrary, not only are there more atoms present in a giTe* 
weight, but there are differences, due to the consumption o 
beat in interior work, and these differences represent thft 
ipeeijlc heati of bodies, or their caparity for heat, as i1 
formerly expressed, nniler the idea that some bodies weri 
capalile of bidding a greater store than others of heat, cond> 
dered as a fluid. 

The nature of this Interior work is further illustrated in th« 
case of nnler just ahove and just below its puiut of maximim 
density, when it occupies the same bulk, though containing 
very different qnantitlea of heat. " Suppose a pound of water 
beated from 34° C. to 4^° C— that is 1°— Its volume i 
both temperatures is the same; there has been no forcing 
asunder of the atomic centres, and still, though the volume ii 
nnchanged, an amount of heat has been imparted to the wata 
BufBcient, if meciianicully applied, to raise a weight of l,3!K}lbfc 
a foot high.* The interior work done here by the heat can b* 
nothing more than the turning round of the atoms of water. 
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It Beparatea the attracting poles of the atoms by a tangential 
movemeDt, but lesTes tbeir centres at the game distance 
Munder, first and last." 

This interior work, then, may not consisf in producing 
expansion, or pushing the atoms tiirtber apart, but may actn- 
«lly draw them closer together, as when they are thrown into 
Aat condition of polarity in which we sopposu them to be when 
it separates two surfaces highly charged with opposite elec- 
Iricities, or when the particles of the magnet show equal 
and opposite forces at their extremities, or when the particles 
oTb saline solution become bntlt op into some regular crystal- 
line form ; that is the kind of interior work which we may 
•appose is here referred to. 

When a body chnngca its utate, as when ice melts, as much 
heat enters it as would snfiice to raise the same weight of 
water 143° Fahr. in temperature ; and when a ponnd of 
water at 212^, becomea a pound of steam at the same tempe- 
rature, 967 times as much heat is required as would raise 
a pound of water 1° Palir, in temperature. The heat thus 
loet, as far as the thermometer is concerned, is said to have 
become latent. Professor Tyudall says : " The fiction was 
invented that it was rendered latent:" but we cannot help 
Temarking that such an expression as "internal work," is 
quite as much a fiction ae that of ''latent heat." Profes! 
Tyndall's ingenious explanation of soras of the phenorae 
which we have been discussing in this Introduction is briefly 
t» follows. Referring to latent heat, he says : — 

" The fluid of heat hid itself in some unknown wny in 1 
interstitial spaces of the water and of the steam. According 
to our present theory, the heat expended in melting is cod- 
nmed in conferring potential energy upon the atoms. It is 
virtually the lifting of a weight. So, hkewise, as regards 
the steam, the heat is consumed in pulling the liquid mole- 
cules asunder, conferrinir \ipon them a still greater amount of 
potential energy ; and when the heat is withdrawn, the 
vapour condenses, and the molecules again clssh with a 
dynamic energy equal to that which was employed to separate 
them, and the precise quantity of heat then consumed nuw 
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" The act of liquefaction coosiata of interior work- 
expended in moving tlie atiiiuB into new pomtinns. The act 
of vnporiealion ie also, for the moat part, interior work 
whieli, however, must be aUdeJ the external work performed 
in the expnneion of the vapour, which makea place lor itself 
by forciofi; back the atmoEphere." 



NoTB (page 43). — It was until lately mpposed that all gaws were eqnal^ 
dial liermaDDUs or transparent to the heating rays— tor such dielancea, tt leut 
S8 were uniler control in nrdinan physical caperiments. Thus Melloni fauna 
DO eensible InterceplluD of heat in a distance of 18 or SO feet of atnuwphaito 
itir. It is very different nilh compound gases and vupours, as has beett 
lecently shown by the experiiuenta of Tyndall. When the Bouroe ol heal b 
a cube of copper Sited with bnlKnj; wdler, and the column of gas 4 feet In 
length, tho alMorptive power of different gases is expressed by Uie following, 
numbera: — 

Air, oxygen, nllrogeD, and 
hydrogen — eacli . . . 

Chlorine 

Hydrochlaric acid . . . i 

Carbonio oxide and car- 
bonic acid— «ach ... I 



The absorptive power dF vapouisforniysaf obscure heat is also renuukaU^ 
and the results liave thrown a new light on certain cofiaical phenomMq^^ 
Forexiunple — it has been supposed that organic lite could scarcely exist b 



vailing there, the beat dunlnishiiig according Ui tlie law alrea 
(page 37). la snch a suruiiae, however, the iQfiueni;e of a 

VaporooB envBlope aummnding the planet has not been taken i ^^ 

The sun's rays, pmslug into each an stmo^here, would be partly retained bfr 
alnorptlon, and thus prevent the cooiin; of the planet by raduitiaii int*' 

Sace. The nbsorbent effect of the vapour in ti^e earth's atmosphere iaaacl^ 
at its removal, for a single summer night, from the atmosphere vhiidi' 
oovere England, would be attended by Ibe destruction of every plant irhidl' 
a freeiing lemperalnre could till. The perfumes of many fluwera hava <. 

Temarkably high abBorbsnt action for the oliscure rays of beat, i- ' 

phere scented bv the essential oil of patchouli bad an absorbei 
expieseed by 30'; with lavender it was 60; with ciisia, 109; wit! 
372; to that the perfume of a dower-bed alteorlis a large praportii 
radiant heat of low refranglbiliry that falls upon it. 

Regarding Ilie earth as a source of heat, at least 10 per cent, of its heat ll> 
Intercepted by the lujueous and other vapours within 10 feet ot the anifacAL 
Tyuilall has also shown that the most puwerfullv alisorbent gafes are aim tli^ 
best nuliatais — > law which has long bean eslabliabod !□ the C4ise of aoUda, 
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OP WAUMrUO HOOSEB BY MEANS OF OPES 
, ETC., SEFOIta AMD AFTER TUB IKTKO- 

results way be obtained from the inquiry, 
i» fmr the physical Btniciiire and mental chHracterisiics of 
n are inflaenceil by the coiupRrative scarcity and aband- 
16 of eome of tbe prime neceBsaries nf life. The tmeqaal 
diatributiou of solar heat over the earth is the cause of 
toarked differences in national character ; and where an arti- 
fidal in-door climate is reqnireJ, the ease or difficulty with 
vhich fupl is procurable has n great effect in promoting or 
interfering with the health and personal comforts of nations ; 
and llieae, hy a reflex action, contribute much to the forma- 
lioii of charade r. It lias been remarkcj, that formerly tlie 
oonniy of Buckingham being overgrown with wood, it was 
tbonght necessary to clear it away, on account of the refuge 
it afforded to the numeruus robbers who infected the district. 
Tlte people being thus deprived of fuel, became in the course 
of time Btmit<?d in growth and dulled in intelligence; until, 
by the extension of inland navigation, fuel became cheap, and 
then the inhabitants began to in)prove. In the county of 
Lancaster, on the contrary, the great abundance and cheap- 
» of fuel were extremely favourable to health and comfort, 
■ad hence, accordiug to Sir Gilbert Blane, the LaneaBterians, 
eipecially ihe females, have beconio noted for their well-formed 
pemons and haudBonie faces. In Yorkshire, and other parte 
of England wher..' fuel is abundant, the peiiple are generally 
w>b Uenitky, aad iateJliGjeut, and t.\ieu KVe'c«%e\i«A^\^. 
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is aaid to exceed that of the inhabitanta of other parts of' 
England whore fuel is acarce. The Norweginns are generally 
well Joilged, each house being furuiehed with glass window^ 
and an iron kalde or «tove ; nnd on thin account they are a bettet 
grown race than the North- Western Higlilaiidera of Scotland, 
who procure their fuel with difficulty, and conaiime it in . 
rude anil unthrifty manner. In France, where fnel ieao-'roe 
the average height of ft man does not exceed 5 feet i intues 
in the Netherlands, where fuel is more abundant, the averagft 
height is 5 feet ^ inches; and in England, where f ' ' 
cheap and abundant, the average height ia upwards of fi feet 
9 inches; in Sweden, where wood is as abundant asotu 
the peasants are tail, vigorous men, not with stand lug theij 
uncleanly habits and the rigour of the climate. 

I think it is Dr. Franklin who remarks, that where fnel il' 
dear, working people live in miserable hovels, and are ragged, 
and have nothing comfortable abnnt them ; but where fuel is 
cheap, or manag'-d to advantage, they have decent habits* 
tions, and are well provided with necessaries. The obvionv 
reason is, that the working houra of anch people are th«i 
profitable ones, nnd they who cannot afford sufficient fbd 
have fewer auch hours in the day than those who hai 
cheap and plentiful ; for much of the domestic work, whethei 
of women or men, that requires hut little bodily exercise 
not well be performed when the fingers are nnmbed with cold. 
Poor people, therefore, in cold weather, go to bed earlier, 
and lie longer in the morning than they would do if they 
Lad good fires to sit by ; so that their houra of work are nol 
sufficient to produce the means of comfortable subsistence. 

The conipnralive scarcity or abundance of fuel wilt, o£ 
course, greatly determine the method of creating an artificiati 
climate within doors, In some parts of China, where fnel h 
scarce, the people secure themselves from the cold of wint^ 
by warm clothing, and this is probably a safer method e 
than onr own, because with them the defence is constant and 
nniforni, wliile our in-door clothing is thin, and we rely for 
warmth upon an atmosphere heated to the temperature o~ 
anmmer. If (he person be well clothed, the coldest s 
pbere can be fcreathed with eatety, aoA 'Ma eSwi\. \« 
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hly exhilaratintr, aa in Bfcating on the ice or in walking 
briskly. We often enjoy the woniith of & bed while breathing 
«ii atmosphere cold enougli to freeze the water in the ewer. 
Hence it is better, aa Dr. Arnott remarks, to clothe so as to 
nifortably warm in ti room heated to 00°, or 62°, as a 
■teody temperature, wliich it would not be dangerous to enter 
or to leave, than to dregs lightly in a room healed by a common 
ire to 70^ or more, and which is liable to sink to 50°, orleaa. 
In Normandy, where the cold of winter ia severe, and fncl 
expensive, the lace-makers, in order to keep themselves warm, 
tnd at the same time to save fuel, agree with aoroe fanner, 
who has cows in winter quarters, to rent the close sheds. The 
tethered in a tow on one aide of ibe ahed, and the 
Isce-makers ait cross-legged on the gro'jnd on the other side, 
with their feet buried in atraw. The cattle, being oat in the 
Gelds by day, the poor women work all night for the sake of 
the steaming warmth ariaing from tlte animals. An analogous 
pnctice is recorded of the Nottingham lace-makers, who are 
■aid at one time to have been in the habit of crowding together 
in a small room for the sake of the heat engendered by their 
breath, in spite of the poisonous atmoaphere tbna produced. 

The Laplander, during eight months of the year, inhabits 
■ little hot with a email hole in the centre of the roof for the 
■dmission of light and the escape of smoke, and obtains heat 
from a smoky lamp of putrid oil, aa the Esquimaux does in 
hit hnt of snow. The effect of this arrangement ia, that 
fta Laplandera are commonly afQicted with blear eyes. Tha 
Greeulander builds a larger hut, and contrives it better, but 
I often occupied by half a dozen families, each having 
K lamp for warmth and fur cooking, and the effect of this 
arrangement, according lo the remark of a traveller, " la to 
create ancb a smell, that it strikes one not accustomed to it to 
e very heart." It ia to be feared that a aimilar effect would 
e prudoccd on any one of our readera were he to enter the 
f the Irish and Scottish peasantry, or even the 
B poor in our large towns. 

f obtaininii warmth in Persia ia scarcely an 

improvement on the smoky lamp of the Laplandera and Green- 

r* J*"", called a kourci/, ia 6Uttk v^^^^^^^t 
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floor, generally in fhe midille of the room. This is filled witH 
wood, dung, or uiher cumliiistiUe ; and when it is aiilEoieDtq_ 
oharreii, the mouth of the vessel is shut in with b sqnaifl 
wooden frame, ahapeJ like a low tfthle, and the whole ii 
eovered with a tliiek wadded qnilt, under which the familj^ 
Tanged around, place their knees to allow the hot vapoar I 
iniiiDuate itself into the folds of their clothing ; or wh 
desire more warmth, they recline with the quilt drawn up ti 
their ohina. The iminovnhle position necessary for receiving^ 
the full henefit of tlie glowing embers is inconvenient; an^> | 
the effluvia frum the fnel is nauseous and deleteriuns. 
ache is produced, and, from the number who sleep eutireljl 



Lun IS not an uncommc^ 
fur an oven, and the p 
and unnhotesome methoj 
of the c 
only, in the former, a mot 



r the quilt at night, suffoci 
accident. The koiircy also aervt 
is boiled on its embers. This tiid 
is adopted in the noblest u 
the dweiliiigs of fhe poorer clas 

agreeable fuel is burnt, and the ladies sit from morning t 
night under rich draperies spread over the wooden cover, 
endeavouring to overcome the soporific influence of the foul 
aip by occasional cups of coffee, or the delightful fumes of 
the kalioimi. • 

The burning of fuel in the midst of an apartment is hy no 
means confined to nations whom we are in the habit uf calling 



barharuua and uncivilit 
Spain, preparations for ' 
October. The lower sun 
furniture, and the chaii 
looms on the oppusil 



:d. In Seville and other parts of 
rinter are made about the middle of 
nier apartments are stripped of their 
s and tables are removed to other 
ide of the court. The brick floon 
ve covered with thicker mate than those used in the warm 
season. A 6at and open brass pan, about 2 feet in diametar, 
raised a few inches from tiie ground by a round wooden 
frame, on which those w-ho sit near it may rest their feet, is 
nsed to burn a sort of charcoal, made of brushwood, called 
eiKD. The carbonic acid given off by this fuel la injurious 
to health ; but such is the efl'cct of habit, that thi 
do not refer their ailuicuts to the istilling fumes of their- 
braaiera. 
The charcoal brazier is a very ancient method of 
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■n ■partment ; the Greeks and otiipr naHons commoTilv used 
it, anil Boiighi to correct tlie deleterious nature of the fumee 
^ bnruing oosfiy odnr'nia giima, Bpicea, ami woniiB. 

Tbe braziers of the ItcHnans were elegant hronze tripods, 
fapported by Batyra and apliinxes, n'ith a round (ItBJi above for 
the fire, and & small vnae below tu hold perfumes. A kind of 
close Btove v-ae also used ; but, ia either case, tile smuke waa so 
•oneiderable that the winter rooms were iHfferentJy fnmished 
from those appropriated to Biimmer uae. The former bad 
plain cornices, and no carved work or mouldings, so tliat iha 
wot might be eneily denri:d awny. In order to prevent the 
wood from smoking, the hark was peeled off, and the wood 
lupt long in water, «ml then dried and anointed with oil. 
It is not, however, evident bow tbis plan should prevent the 
■moke of the burniii^ fuel. 

The great convenience of the brazier, and tbe apparent 
desnliness of ilie fuel,* are arguments in favour of its coniinued 
ue even in our own day, A visitor to some of onr beautiful 
alhedrala in winter, during the time of divine service, Balis* 
tmry Cathedral for example, will be astonished to see on the 
floor of tbe choir two or three enormons braziers fnll of live 
charcoal ; a peculiar odour arises from them, and pervades tho 
boikling; a pleasing sensation creeps over tbe whole frame, 
Utd the tendency to sleep is often irresistible ; persona troubled 
with cough cease to cough, and an unusual effort is required 
when the service is over to rise and quit tbe building.'l' The 
monnouH size of the enclusure prevents any fatal eSfects from 
the abnndaiit evolution of carbonic acid, nor have we ever 
liaud of any well-authenticated case of injury to any one ; 

■■ Chsrcoal haa this advaiitaBB ov*r gas, alcohol, o!1, and every hind of fuel 
IBM oonlaiiu hydruoin, omnely, ilinl the produeli of cambadnon are drv; 
ttbanaPfit hydrogen la present in Ihe fnd, water ia always Jonned in cooalder- 
■bU quanllty, every 1 part at hydrogea pruduclug 9 parli of walar. Tills il 
nf fanpisunce Id wmie cases, iia ia iPcCuring on a aubjnt nqalring 1)17 
MfarUUh.Buch as electricity, lathe pnsenuoof a br^ audjenee, In > ajiaeious 
BMUn- Under Bueh clrcumatsDces asniall pan of live charcoal, resting on a 
itxgt tile, and covered with a plate of copper placed Dndet the prime cnu' 
ttaftoi, vriJl allow experimenta to bo parfonned with auccesa even on a ruiny 
iqr. A. amilar arrangement with BBmall gan stove Is not ao effectual, for the 
IMatM tbove atated, Some further illustmllont of tills kind will be given 
D npesk of the vantlliLtian ot Ughthou 
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Iiut a very little consiHerBtion will show that, in a Bmaller 
space, Biich as a room, tliis primitive method of obtaining 
warmth Ciight lead to dangerous consequences. A singls 
ponnil weight of charcoal conaumea in hurning 2-^1; Iba. weight 
of oxygen, which is the qnnnlity contained in between 1311>8i' 
and li Iha, weight of almoapheric air. Now, a ) 
room, 20 feet by 13 feet, and 10 feet high, does not contain 
more than about 2(X) Iba. weight of air, and as the combustion 
of 1 lb. of charcoal produces 3i*a lbs. of carbonic acid, which, 
by mingling with the rest of the air of the apartment, renders, 
at lesst, 361he. weight of air unfit for respiration, making in 
all about 50 Iba. weight of air. it followa that, in such 
the air will require, for healthy respiralion, to be renewed 
many times an hour. 

The fatal effeets of the charcoal brazier, in a close room, art 
too frequentlv illostrated in the deaths of suicides, and somp> 
times in accidental deaths, as recorded in our newspaperk 
Some years ago, a picture dealer, near Hanover Square, 
availed himself of this means of destruction. We have bees 
told of a case where two servants, who slept on the ground- 
floor, took a pan of charcoal into their bedroom one cola 
night, and were both found dead vest morning. Bnt, pei> 
haps, the most remarkable case of self-'murdcr, by this mean^ 
is that of the promising son of Berthollet, the celebratei 
chemist, seeing that the fatal act was conducted with all thi( 
method and precision of a scientific experiment. This yoiinf 
man became affected with great mental depression, whiol 
rendered life insupportable to him. Retiring to a smal 
room, he locked the door, closed up every chink and crevioi 
which might admit fresh air, carried writing materials to I 
table, on which he placed a seconds' watch, and thei 
himself before it. He now marked the precise hour, i 
lighted a brazier of charcoal before him. Ho continaed to^ 
note down the series of sensaiinns he then experienced in { 
Bucceaaion, detaihng the approach and rapid progress of del!" I 
rinm, until, as time went on, the writing became larger and I 
larger, more and more confused, and at length illegible, and i 
the writer fell dead upon the floor. 

Id many tradea the workmen ara babttnally exposed to tltftf 
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fameB of burning charcoal: bookbioders, engravers, coolia.&c, 
tufkr much in health from ttiia cause; and it ie rare to find 
that any means are talien to veiitikte the places in which they 
work. The use of gas is. however, in many caeea super- 
Bcding that of charcoal, and the change is moat desirable. 

la addition to the brazier, the ancient Romans were ac- 
quainted with fluea for warming rooms and buildings; but 
•a theae were costly contrivances, their use was confined to 
the wealthy These flues forming what was called the ftypo- 
'tdblthfl fh n dd 

tobewamd Th h p a e w ft k nda— th firet, 
and had 
and tha 
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mic;ht often borrow a iiaeful IcsBon) preventa the £uee ft 
becoming choked by soot. lastead of employing pit coal Q 
good quality, they make use of the inferior or Bini 
coal for thin purpose, aad mix it with a compost of claj^ 
earth, cow -dun K, or any refuae vegelable matter; and the! 
form it into holla, which are dried io the eun or open ail 
Tbia method ia not adopted on account of any acarcity o 
fuel, for coal \a abundant in China; bnt the Chinese, uulih 
the Engliah, know how to take care of it. They find thai 
their fire-balls, during combuetion, give out very little emokai 
and they are extenaively manufactured in the coal dielricti 
and divtrihuted by canul carriage over a large portion of th< 

In the inferior cIbhh of houaes, instead of having the fits 
outside the bouae or room to he heated, it is built : 
the corner of the dwelling room, A pit is dug for thi 
body of the fire chamber and draught-hole ; and the to; 
or head of the etove, ia uaed for the difierent operations a 



That no portion of heat may be Inat, or escape into t' 
room directly from the fire, beyond what ia neccsanry to mai 
tain a given temperature, veaaels of water are placed on t 
head of the stove, and thus the heat, which would otherwi* 
be lost, is absorbed and economised; while it ajfords, by il 
evapomiion, the neceaaary Eupply of moisture to presenn 
the atmosphere of the room in a healthy condition a 
moisture. 

The Chinese call a etove which ia heated by a furnace, i 
kang ; the ti-kang ia a furnace of which, the flue rung nnde 
the floor or pavement of a room ; and the leao-ktmg is tha 
used for heating benches and beds. There is yet a thtn 
variety, the long-kang. which ia formed in the wall, and tl " 
differs from the ti-kang only in being perpendicular ineteli 
of horizontal. In the tong-hing, the heating flue is carriei 
along the floor, with openings from it, at which the heatei 
air and smoke aacend into the apaces of a hollow wall, thn 
nearly approaching the principle of the chimney, A Umg-ka 
was erected by Sir William Chamhera, in 1761, for heatioj 
£bp orangery U Eew Palace. In imitation of the Ohinea 
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method, te introdnced healed air throngh an air pipe or flue 
intact wiih the heotin^ flues. In FJ^. 10. the flue from 
the furnace ia ahown at tt, the tong-kang flues at c, 

Cand the hot air flue at e. 
It is scarcely possible to improve npon these re- 
E&nements of the Chinese, escept by the introduction 
of the chimney, the origin of which has been the sub- 
ject of much learned discuBeion. Among drawings of 
Saxon dwellings we look in vain for that neceasary 
feature of the honse. " The Saxon thegne bnilt hia 
hall from the woods on his demesne, by the labour of 

- his bondmen : it was thatched with reeds or straw, or 

- roofed with shingle. In plan it was little more than 
:s name implied, a capacioos apartment, which in the 

jivtive was adapted to the patriarchal hospitality of the owner, 
aA formed at night a sort of stable for his servants, to wboBa 
Kcommodation their master's was not much superior in a 
mall adjoining chamber. There was as yet hut a slight 



1 



perception 



of the decencies of life. The fire was kindled in 



'ha centre of the hail ; the smoke made its way out througU 
n opening in the roof immediately above the hearth or by 
Iha door, windows, or eaves of the thatch. The lord and 
idi "hearth-men," a significant appellation given to the moat 
-amilJaT retaiuers, eat by the same fire at which their repast 
«B8 cooked, and at night retired to share the same dormitory, 
Yhich served also for a conncil chamber."* During the wars 
tf that early period, the traces of Roman occupation, so far 
4 dwellings were concerned, seem to have gradnally dis- 
N^ared, but there is every reason to believe that there 
tare no chimneys in ancient Roman hoaees. And if tha 
toman housea in Britain were unprovided with chimneys, 
>lig Saxon dwellings were not likely to bo supplied with them; 
indeed, all the descriptiona tally with that already given of 
be rude hail, with its central hearth. Above this hearth, on 
tie roof, was a turret or louver, filled with boards, which par- 
'ially excluded wind and rain, and allowed the smoke to 
This turret waa often a great improvement to the 
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external ajipearance of the bailding. The windows of tl 
liall were placed high, and filled with oiled iinen o 
boardB. The heavy doora were opened by latchea, and t 
walla were either rough, or coareely painted, or hung wi 
arrae, which was auapended from hooka at tbe distance 
three or four inohea from the walla. The floor was of ato 
or earth, with a raised platform at one end, where were plac 
the maesive table and beucbes. 

The bouses of small landholdera and farmers were genera 
one story high, and if of two stories, the roof was ho dft 
as to shut out the light from the upper rooms, Tbe h 
and kitehen formed one npattment, which was open to 
timbers of the roof, and, in some cases, was furnished v 
a louver and a window, that could be closed with a ahutti 
When these houses had a aeparate sleeping apartment, i 
and young occupied it, and several repoaed in one bi 
Servants slept on the kitchen flour. Cottages bad neitt 
loitver nor loaj)e, and the inmates alept round the flre. 

The atrougholde which were built about the time of t 
ConqueEt were eevera! etoriee in height, and their roofs bail 
used as a terrace for defence, the central hearth and lout 
were impracticable. The neceaaity of providing some e 
for the smoke seems to have stimulated invention, and. ■ 
cordingly, we find tbe germa of the modern flre-place ft 
chimney in one of these strongholds. In the great gnu 
room of Goniaborough Castle, erected in or near the Anjp 
Sason period, is a large fire-hearlb. The mantel issupport 
by a wide arch, with two transom stones running under : 
the back of the fire-place, where it joins the hearth, is JQ 
line with the walls of tlie room, and the recess at the n 
is formed by the back of the fire-place sloping outwards, a 
rises into the thickness of the wall, until it reaches a lo 
hole on the oatside, where the smoke finds an exit. Fig. '. 
is an elevation and section of this fire-place, in (vhich j 
the floor of the room, b the mantel, and o the loop-hole. 

In other castles erected about tbe same period, the heal 
waa formed in the tbickneaa of the wall, and tbe conical si 
tunnel ended in a loop-hole, as at Conisborough Oaslle. Fig. 
£a another elevalion and aection of these ancient contrivu 
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for carrying off the emoke. It ie from Eocheeter Castle. In. 
Ibe old palace at Caen, which waa inhabited by the Cuiiqueror 
vhile be wae Duke of Normandy, the great guard -chant her 
eoDtuns two spacious recessed fire-hearths in the north v\a!l, 
itill in good preservation, from which the emoko was earned 
■way in the same luanuer aa in the above examples 

The transition from theee contrivancee to the common 
cllimiiey would seem to be easy ; but ,, 

hieloTy baa faileil to record the in- r 
ventor, or to define the place where 
the chimney was first used. It has [ 
been well remarked by Mr. Hudauii 
Turner, that in seeking to aacert;iiii , 
the degree of antiquity which should 




Fig. 11. ElfvaUon end Sect on of F ro place u L n I or ut,h CaBlJa. 

be BAsigned to the chininev fads are often strangely con- 
tradictory of the stalementH of resppctable wr tera Esisting 
remaina prove that perpendicular flues were constructed in 
Qua Gonutry in the twelfth century, yet Leland, in ibe aix- 
teenth century, Bpeaka with surprise of a chimney in Bolton 
Cwlle. We can only suppose that the principle of the modern 
dtimney waa underKtood long before the praclice of eon- 
■tructiDg it became general.* Chimneys seem to have been 
common at Venice before the middle of the fourteenth cen- 
tury. An inscription over the gate of the school of Santa 
Maria delia Carita states, that in liiiT, a great many chim- 
aeVB were thrown down by an earthquake, a fact which is 

^RC^^ «"i)uuiratic ArchitePlure," (ip. 17,1^. 
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more generally diffused, which in a room of such rize 
importance, while the smoke from wood or charcoal, when,] 
well ignited, is not considerable. Many louvers ret: 
hallfl of the fifteenth century. There are alao freqaent ex- 1 
am pies of tire -places and chimneys in the fourteenth centarjiT 
even in the hall, though they are more uiual in the amallef J 

It is not onr duty to trace the further history of the c' 
ney, nor to notice the methode by which the chimney 
became so prominent and beautiful a fi;«ture in bnilt 
during the reigna of the Tudors, It is euffieient to remarfc 
that when once introduced in England, the uierita of chimnen 
were soon appreciated, for we find it stated, that in the reigf 
of Queen Klizaheth, apologies were made to visitora if thoj 
could not be oeooramodated with roonia provided with ck 
neys, and ladies were frequently sent out to other hoiii 
where they could have the enjoymeat of this luxury, for ei 
it mnst be called, at this period, when the poorer cleua c 
houses was not yet furnished with it. 

Wood was the ordinary fiiel till the seventeenth centurj 
and this was burnt on the capacious hearth, the logs beitij 




confined within the two standards (Fig. 13) of the andironS 
their ends resting on the billet bar, for the purpose of admittiafl 

* " Domestic Architecture," i 
/ Probably a fomip 
Soma saf it was hand at 
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lir below tSiem, and thus promoting conibiiBtion. For 
the Urge kitchen fire, the atandards and billet bars were very 
Mrong and massive, but usually quite plain. In the haU. 
that ancient Beat of boBpitaliiy, they were also strong and 

ive, to Bupfiort the weight of the hugfi logs ; bnt the 
atandards were kept bright, or ornamented with braes rings, 
knobs, roaettea, heads and feet of animals, and various gro- 
tegque forma. In kitchens, and in the rooms of common 
boneeB, the andiron, as its name implies, waa of iron ; bnt in 
the hall the standards were of copper or brass, and sometimes 
of silver. The spacious receptaule was furnlahed with seats 
on each aide of the hearth, and the snag chimney corner was 
the post of honour. When the whole family anaembled to 
enjoy s leiaure hour, it was rnund the hearth that they aat ; 
with it was associated their ideas of domestic comfort and 
conviviality, and the word hearth became synonymous with 
Jkonw. In some of onr rural dietricta the custom is still re- 
tained of the whole family sitting under the capacious chim- 
Dey-breast, and it is an honoured custom which we hope may 
long continue to exist. 

In smaller rooms, where Ihe fire whs made in a wide and 
deep receea, each standard was fixed into the back of the 
hearth by a lateral bar. Tlius in Fig. li, which representa 
the andirons in the hall at Vicar's Cluae, Wells, will be 
Been the standards, the billet bar, and the reredot or back 
of the 6re-place, which in deep recesses brings the fire into 
the room. When the hearth n'fls of moderate size, tlie and- 
iron, as well as the reredot* wasmovab!e.-(- 

So long as wood existed in abundance coal was not sought 
after for the pnrpoaes of domestic fuel. It waa supposed that 
tba fumes of coal had a peculiarly corrupting effect upon the 
Mr, and were most injurious to health. Its value, however, 
waa appreciated by brewers, dyers, smiths, and others, whoae 
occQpations lead to the consumption of a large quantity of 

• Also e«Iled nre-rfwM. HolliOBhed Bays — "Kow hanewemaniepMinnies, 
and vrl our lendetlings complnliifl of rhEumes, calarlu, and puses. Then had 
i™ none bnt ipre-do»*^ and our hcuds did never ake." 

t On the mantel-HhelE ia a scroll, bearinff an inscription, which soliciB tho 
pnjren of the vicara in favour of Sir Eichard Pomroy, and esgteasea BoUui- 
tada for the aaietf ti bit soul. 
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patent was obtained for the purpose, bnt the epecnlation did 
not Hucceed, as the vapour given off by the cgke was found 
to be nearly aa unpleasant as that from cosl. 

About this time a great impruvemeut was made in France 
in fire-places by Louis Savot (born 1579; died 1640), 
Itceutiate iu the Faculty of Medicine at Paris. He wa 
early impressed with the raasim of Vitrnvius, that it is quiW 
neceseary for an architect to have some acquaintancQ with 
medicine, and he saw no reason why a physician should 
not have aome liDOwledge of architecture. Accordingly h4 
studied architecture from a aauitary point cif view; and in, 
1624 publiahed a work on the subject, and which, aa will' 
be seen by the note below,* passed through several editioni. 
Savot pointed out the means for curing that domestic plagoi^ 
— a smoky chimney ; and, like a true physician, set about 
investigating the canses of the disease. He eaw the evils o( 
large chimneys, and the necessity for a due auppiy of a' 
to the fire. The fire should be proportioned to the size o£ 
the chimney, and nice vend, and smoke may often be pre- 
vented by lowering the mantel. " In small r 
eayfl, " the chimney often smokes unless the door or window 
be open, not only because the fire dev " ~ 

large quantity of the air of the room, bnt also because thei 
fire requires a continual supply of air for its support; sothaV 
if a proportional quantity of air which the tire consumea anf 
Bends up the chimney doea not enter the room (whicti 1 
cannot do in small rooms with a large fire), the fire Ian- 
guiuhes, and the smoke increases, since fiame is nothing mora 
tban a kindled smoke, and amoke is only an extingui. 
flame, or, at least, not yet kindled." He also pointa out hoW 
the chimney may be too long for the fire, or how one larg< 
chimney may draw upon another smaller one ; and he recom' 
mends that the fine be smooth on the inside, to dimioiBl 
friction. To improve the draught of the fire he raised tb« 
hearth about 4 inches, and lowered the mantel so as to mak» 
the opening of the fire-place about 'i feet high. The widtb 

*"L'ArchilfeiaTe Franiinse da Bndiaii 
X. Louit Savot, ltl24. There were aJeo ec 
Ahia^M^RlunUt da M. Mnulil. 
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between the jamba waa reduced to 3 feet ; the jambs from 
the mantel were to be carried up etojiing to the waiat, or 
where tbe flue begins to be of iiniforra width, and the open- 
ing of the fire-place was formed like an arch. Bat, where 
the fire-place could not be oonvenieutly altered, Savot per- 
forated with amail holes a plate of iron, the width and length 
of which were nearly equal to the hearth, and this waa fixed 
3 inches above the tiles of the common hearth. Oq this 
perforated plate he placed a grill defer of tbe aame length aa 
the billets to be burned, and raised ^ inclies above the plate; 
llie wood was placed on the grate, the charcoal on the per- 
forated plate, and the hearth received the aahes ; the air, 
rising through the email holea, made the charcoal burn brialdy, 
and tbia so much assisted the barning of the wood, that a 
t»pid draught iip the chimney was eatabiiahed, and amofco 
prevented. 

In Savot'e description of the fire-place used to heat the 
Cabinet dfi Livreg, at the Louvre, we have the firat recorded 




attempt at combining tbe cbeerfiilneBs of an open i 

the economy of an encloaed atove. Fig. 15 is a front ».o-y, 

and Fig. 16 a vertical section of thiB ingetiioiis craatcvainiB*- 




■WTWTBR'b FIBE-TLACB rOR COKE. 



I then 



Tiie bearth waa & thick irou plate placed above the old 
hearth, with an interval, n, of 3 iuchee between them. T' 
two eidee, ot covings of the fire-place, were also formed 
thick iron plates, placed 3 inches from the jambii. The epacq, 
K, at the beck, and the epacea at the eidea, comDiiinicatei 
with the apace, u, under the hearth ; two pipea, or channd^j 
i, communicatiug with ihese hollow Bpsoea, opened into tliC 
room at c, aa shown by the dotted line in the aection ; these 
apacca could be cloaed at pleasure, When the fire waa hnnii 
iug, the iron hearth, aud the platea which formed the aides 
or covings, and the back, became very hot. The cold 
the floor, entering by the openinga at a, into the space, n, wat 
Seated by the hearth, and rising into the spaces at the ~ 
and aidea, had ita temperature further increased; 
entered the channels, i, and escaped at c, thua diftusing 
agreeable warmth over the whole room. 

About the year 165S, the project for burning coke, ii 
of coal, was revived by Sir John Winter, who iovenled aa< 
improved fire-place for the purpoae. The cradle, or fire-cag^ 
waa placed on a box about 11 inches high, in the front o| 
u opening, o (Fig. 17), fitted with a door, whici 
was always kept closed, except when 
the ashea were removed. A pipe, a, m- 
tsered into the aide of the box, aonu 
luunicated with the external air, at a 
level of 2 or 3 feet below the bottoih 
bars of the fire-cage; this pipe could 
be closed at pleasure by a valve. When 
the coke ot charged {i.e., charred) coal 
in the fire-cage did,not burn welt, the 
valve waa opened, and the air from Die 
outside rushed in a strong current into 
the box, and, by ita powerful blaat. 
Boon roused up the fire ; the valve waa 
ng-lT. Winter'. Flre-plMB. tjjen f,\^^^f^_ aj, j ^11 communication with 
the external air waa thua cut off. The flue waa cloaed with 
an iron plate or register* that moved ou a hinge. It had an 
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PIUMCS IlDFEIlT'a FIBE-PLACE, 

Opening, c, 8 inchea square, for carrying the BmokB into the 
Niamey, aud this waa fouad large enuugti fur a. fire-plui:e of 
my dimensionB. This ingeniouB contrivance does not aeem 
t9 have succeeded, although both it and the arrangement 
deacribed by Savot have, with slight variations, been brought 
jbrword several limes within the laat three-quarters of a cen- 
tury, aad patented as notable inventions. 

In 1678, Prince Rupert invented a fire-place, bo contrived 
that the draught took a downward direction before entering 
the flue, ae shown in Fig, 16, in which 
ax is a wall huilt at a distauce of 10 
ischee from the back of the hearth 
recess, and carried up to the mantel, 
where it is terminated hy the wall x 
tbufl completely closing all communis 
tstion between the flue and the room 
An opening, a, ia made in thie wall, 
10 inches high, and of the same width 
M th« length of the grate, and its eill 
is 2 inches above the top rib of the 
grata. Fixed within the chimney is 
ft plate of iron, /, placed perpendicu- 
Iwly, BO as to divide it into two equal 
puts. To the npper edge of this plate 
is Mnged an iron door, c, as long as 
tlie chimney ia wide, and this door Tig 1H Prince Huparfs 
, , , . , . . Firo-piaca. 

can be brought into the position c, or 

into that indicated hy the dotted lines ate. The fuel grate 
aUnds on the hearth, and is placed nearly in a line with the 
wall of the room. At the hack of the ash-pit is a brick that 
closes the aperture through which the soot ie removed. When 
die fire is first lighted, the smoke door, c, is pushed hack, and 

Enf^od, vh«n a bmzlu full of fuel was well Ughted, and had ceased to 

nonSne the heal lo [lie room. This plate appean Cn bs the Bane u tbe 
iumjirr, bat the term riyu<n- ia much older. lathe fu maces of tlie aJehemiit, 
openings left for the supply of air, which could be coatracted or cloud bj 
Mouia tit cb^, ivere ttftmed rtgiatera. Thua, Bea Jonsoa Bays : — 
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when the tlraughf is once eBtaljlialied, this door ie drawni 
forward, and the emoke being thne prevented from flowing 
npwardg, reverberates downwards, ami paesee the lower edge 
of the divieion plate, i, and risee between it and the back of 
the hearth into the chimney flue. In boisterooa weather, c 
with aiich a iire-place, in an upper room, where the ohiraue^ 
is short, another iron donr, r, is hung nnder the edge of the 
mantel, in front of the fire-place, and extendinfr the whols 
width of the opening. Its breadth variea according 
cnmelaTicea, but it is made so as to reach witliin 2 inohea rf 
the npper bar of the fire-s^rale, when hanging in the post* 
tion shown by the dotted lines at s. This converts the firS 
into a furnace, and the room will, in snob oase, 
than it would be wiib a lire four times the size made in ■ 
common cradell." When the ainoke flows regularly through 
the aperture, a, this door is tbrown back out of use, as »t r. 
In some cases, the ordinary flre-board or Jire-doih waa Used' 
instead of this door. 

" The fire-clotli," eays Mr. Bernan,* " was a corotnon ap- 
pendage to a fire-place, particularly where wood was burned^ 
for then the flne was large, the hearth wide and low, and iha; 
mantel high ; when the chimney smoked in oertaia winds 
only, the cloth waa suspended, when wanted, frnia each C 
of the mantel-piece. But when the disease waa unremitting'; 
the curtain was fixed by rings, running on a rod that weni 
across the fire-place; when not used, it was drawn to c 
aide, like the curtain of a cottage window; very often tb« 
fire-cluth WHS contrived to be drawn up like a modern Venetian 
blind, and made ao deep aa to reuyh from the 
hearth, and serve the office of a fire-board, when there wai 
no fire in the yawning chimney. The firet variety of smofcas 
eluth was seldom more than 15 inches deep, and was 
qnently made of painted leather; but in good honaes, 
Boapended flre-clotlia were usually of damask and tapestrf, 
None of theae contrivances are yet extinct." 

In 1680, a stove was exhibited at the fair of St. Ger 
near Paris, in which the smoke not only descended, but wM 

* " History aad Ait of Wbitiiuik and VenUUtins Rooms and Buildliun.* 
M-nla.,1846. ^ ^*" 
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aleo consnmeii. It is formed of hammered iron, and stands 
on the floor of the room. The fuel, wood, or coal, is contained 
m ft Tsoe, o (Fig, 19), with a grating at o, and this vaee is 




placed on a box or cylinder, a, from which a pipe, *, ia carried 
into a flue, which has no commumcatit>n with the hearth re- 
cesB, nor with the air, except at the top. above the roof. The 
Taae being tilled with fuel, some dry brushwood is placed upon 
it. The upper part uf the pipe, i, is then heated by a lamp, 
or bot iron, in order to establiHh a current of air from the 
^linder, o, which current passea down thro'igli the fuel in 
the vaae. A piece of lighted pajier ie then pkced on the 
braehwood, and the downward current carries the flame down- 
vsrds, firat igniting the wood, and then the coals, anil con- 
■uming the enioke in descending. The prodncte of combuetion 
thns carried into the cylinder, a, rise through the pipe, t, into 
the chimney. The deacending current may be made evident 
by holding aflame over the vase, when it will be drawn down- 
wards. Juatcl, who described this arran^^ement to the Royal 
Society in IfiSl, says, that " the most foetid things, matters 
which atink abominably when taken out of the fire, in this 
engine make no ill ecent, neither do red herrings broiled 
thereon. On the other band, all perfumes are lost, and in- 
oense makea no smell at all when baTi\ed ^^tn^ Ks. 
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improved editioa of thia stove wob made by Dr. Franklin, 
will be noticed further on. 

As economical method of heatiog two rooma by <m,t 
are is described by Savot. A plate of iron is made 

rate the fire-placea of the two adjacent 

rooma. A fire made on the hearth, i 

{Fig. 20), heals the plate, n, and this, in i 

turn, by its radiation, waraiB the oir in tl 

adjacent room, e, aa efTectually as a stov« 

would do, provided its flue, i, is properly 

closed. Or if the second room I 

chimney, it may still be warmed by making 

n opening in the wall, at the back of the 

Fig. 20. fire-place, and closing it with an iron plate. 

"When Dr. Franklin was in Paris, he saw an example of thii 

contrivance, and estimated it highly. 

In all these early contrivances there is much ingenuity, aai 
we bring them forward thus prominently, because they a 
really the legitimate ancestors of many reputed modern i 
ventions, whoae authors are either ignorant of, or hav« 
failed to acknowledge, their deacent therefrom. Patentee*' 
would oflen be spared mnch anxiety and expense, if thejTi 
would condescend to study the subject to which t' 
tion refers, before they introduce to the public 
which may have been as well, if not better, done a long ti 
before. Discoveries in science and inventioua in the usefoli 
arts, require genlas often of a high order ; and although i 
IB not expected that all inventors ehould have the geaina c 
Watt, it ia at least required that they should possess some o 
his method of patient research. 

Bnt there ia one writer, whose inventiona have eapecjalljl 
served as the type of many a modern fire-plat 
time of their introduction in 1 71'd, showed a great and Buddeit 
advance in the art of warming apartments. It haa been aaid^ 
with what authority will be seen in the Appendix 
author of the treatise referred to was no less a man than th^ 
Cardinal PolJgnac, who, under the assumed name of Gaage^ 
pnbliBhed a treatise, entitled " La Mechanigue dii Feu, on 
^.^ri d'em avffmenter les effett et dm dimimier la dipmmt 



OAOQCBS TREATISB^ 

eoDtOUlnl le Trails de NauveUei CheminSes qui echauffent jilm 
jue let Chemineet ordinairet, el qui ne sont point mijetlei a 
famer" Tiiie treatise was repriuted at Amsterdam in 1714, 
a tranelation of it, by Dr. Desaguliers (from whioli we 
are about to quote), was published in London in 1716. 

In the preface the author baa gome sensible obaervatioiiH oa 
the subject of warming and ventilation. After remarking 
&at persons who judge of the value of machines by their 
mplication, will not find his inventiouB to their taste, he 
bestows a compliment on those who estimate " such devices 
lioDi the simplicity of their construction, and the facility of 
their execution,'' and then proceeds thus : " A plate of iron 
ff copper bowed or bended after such a manner as is not at 
lit disagreeable to the sight ; avoid behind, divided by certain 
tmAll iron bands or partition plates, forming several spacee 
that have a communication one with another; a iittle vent 
bole in the middle of the hearth, a register plate in the upper 
part of the funnel; and for some shafts, a capital on the top, 
make up the whole constrnction and workmanship of our 
modern chimney. Now, can there be anything more simple 
or plun, or more easy to execute ? " 

" To be able to kindle a fire speedily, and make it, if yoa 
plesee, flame continually, whatever wood is burning, without 
tbft ase of bellows ; to give heat to a spacious room, and even 
to another adjoining, with a little £re; to warm one's self at 
the same time on all aides, be the weather ever ao cold, with- 
Ont Bcorching ; to breathe a pare air always fresh, and to such 
a degree of warmth aa is thought fit; to be never annoyed 
with smoke in one's apartment, aor have any moisture therein; 
to quench by one'a self, and in an instant, any fire that may 
catch in the tunnel of a chimney ; all these are bat a few of 
the effects and properties of tbeae wonderful machines, not- 
withstanding their apparent simplicity. Since I used this sort 
of chimney, I have not been troubled one moment with 
smoke, in a lodging which it rendered before untenable as 
soon aa a fire was lighted ; I have always inhaled, even during 
the sharpest seasons, a fresh air like that of the spring. In 
1709, water that froze hard everywhere else very near tha 
iieartli, did not conceal at night in my ch&mbei, ^kou^V ^^% 
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GAUOER'S TREATISE, FnBLISHED IN 1713. 



tbithe 



B put out bel 



'ore mictnigbt ; aod all Chat was brougf 
aoa tbawed ; neither did I ever perceii 
, winter, not even during thaws." 
The treatise opens with the following remark : '■ It aeen 
that those who have hitherto built or canaed chimneyB to 1 
erected, have only taken care to contrive in the chamba 
certain places where wood may be hariit, without making 
due reflection that the wood ia burning ought to warm tha 
diamhere, and tlie pereons who are in them ; at least, it 
certain that bnt a very Utile heat is feh of the fire made I 
the ordinary chimneys, and that they might be ordered so i 
to send forth a great deal more, only by changing the diap 
fliiioD of their jamba and wiuga." The methods by which 
fire may commnnicata its heating effect to a room, are CO 
rectly elated to be by radiation, by refleetion, and by condt 
tion. Now, as radiant heat is reflected according to tbeaai 
s light, i.e., the angle of incidence is equal to the ang 



of reflection, it foHowi 
juuba very few of the rayi 



that 




Fig, 21. 



1 fire-place with etraig 

reflected in[< 

suppose a fire,/ (Fig. 21 
to be made in an ordini 
chimney, a b, & a, of whid 
the jambs, a b, ab, are , 
rallel, the ray of heat,/fl 

" will be reflected back in M 
the ray / H upon itself in^ 
ny/i ia u; and tii 



ray/L ia v ; and this ia the only ray that can be reflectel 
into the chamber, the others being to the back, or tip th 
chimney, or among the fuel, and contribute in no way to th 
iiaefu! heating efi'ect of the fire. In cases, however, wher 
the jamba are formed of plaster, there is not evea thia refled 
tion, for the heat, falling upon the dull surface, is absorbed 
The author then describee what ought to be the correct fora 
of the jamba : " Geometricians," he aayB, " are seasible thi 
«1] radiuses which set out from the focus of a parabola an* 
fall upon its aides, are reflected back parallel to its axie. 
therefore, you take on the bottom of a chimney hearth, 
^a (Fig. 22), a leagtb, c o, tqy^^X lo that of the wood deedguf 
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to be bnrnt, for example, of half a log or billet, which, al 

Paris, IB 22 inches; from the points o c, let fall the perpen- 

dioulsr CD, cd, wbieb may 

be the axis of two aeitii-para- 

bolaa, whereof c c are the 

vertices and a a(the dietance 

iKiween whiclt is the breadth 

of the chimney), each of °; | ^Iji 

tbem one of their points ; 

l^at done, yon are to line ^'8. 22. 

vith iron or copper platea the two parabolical aides, 

of the chimney, and make the lower part of the 

parallel to the horizon, and aa Urge as ii can be, only leaving 

10 or 12 inches for the aperture of the chimney funnel. By 

thb arrangement as much of the heat as can be will be 

reflected, for all the rays of heat from the focns r / of 

Bich semi -parabola, Bsfg,fh,fi,fl, &c., will be reflected 

back parallel to the axis cd in m. n, o, p, and consequently, 

paiu into the room. So also, all those rays, e h i, which are 

not reflected back parallel to the axin, will nevertheless be 

reflected into the chamber or very nearly bo. Besides this, 

the JBtubfi being so much nearer the fire than is usual, will 

lOon become heated, and reflect a large number of rays." 

Al l draughts in the room towards the fire were avoided, by 
introducing a gouffl,et, or blower, already described in Savot'a 
and Winter's stoves (Figs. 15 and 17). Its opening was 
rittiated at z (Fig- 22), in the centre of the hearth, 10 or 12 
inohea below the plate on which the fuel was burned, and 
communicated with the open air by a channel from 4 to 6 
inches square. The opening in the hearth was furnished 
with a metal frame, on which was liinged a trap door, or 
valve, opening upwards ; the upper surface of this valve was 
tarnished with a bntion, which could be grasped with the 
tongs, and a email bolt beneath could then be drawn back, or 
dosed with the button with which it was connected. The 
■ides of the valve were formed by two thin seclors of iron, 
which guided the current of air through the channel, and 
ooniined it within narrow limits. Two springs in the frame 
jiTMsed against the sector Bides, and kept, &q laV^e cr^\i «^ 
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Tbe action of tliia apparatua ia eiraple. The small wood 
the hearth beinK hglilcil, and the valve of the tougkt, e, lifti 
up, the logs soon begin to kindle into a good fire ; the smc 
and flame rise into the api 
betwetn tbeback pjr.andt, 
i\all of the hearth and, afii 
beating the iron back of t& 
calidiictB escape into the flo) 
In the meantime the i 
face towards the room u 
quickly heati-d bv the 1 
and smoke The^alve o, 1 
adjusted to admit the eKtemi 
air into the first caiiduct, 
flows thente into the 
and third ciliducts re 
fresh accessions of heat in i 
progress until it escapee at i 
into the apartment which ) 
apeedilv warms 

For large apartments thea 
fire plflces ma> be erected t: 
the jniddli ol the ro 
tno may be set back to back 
vith one eenes of cahducte for both so that the ai 
heated whether the fire be kindled in one or both Who 
kindled in both the heating effect will of course be great^ 
mcreased So also two aljcining rooms ma^ be heated b 
one fire, provided the hearth recesses are placed back I 
back ; for, by making a fire in one room, the healed lur froB 
the calidiicta may be discharged into the other; or by c, 
a pipe from the calidncts through the wall into an adjoiaiuj 
rnnm, or through tbe ceiling into an upper room, an agrM 
able and a Bufficient warmth may be distributed. 

All subsequent writers of repute have acknowledged t 
great merits of Ganger's treatise. Franklin adniitieil the grel 
assistance it had afforded him ; and some of the improTfi 
mentsin stoves so successfully lotroduoed by Count Rumfori 
^re aimilar in j^rJuciple to those euggeeted in this book. 
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•rill be obvioua how very Buperior is th^e Jire-jilaix to lIioBe 
n the oommon construction, from the following remarks by 
(r. Bernan : — "The external air, in paBBing through the 
C^dnctB, being rained to a temperate heat, and eprending it- 
■>lf throughout the chamber, a person in the coldflBt weather 
' with warm air, and heated, without going near 
ft#fire, oD all sideg at once ; while, from the construetioii of 

it hearth, he enjoya the radiant heut in greater perfectioa 

un in the common chimueye. The Urge body of air. coii- 
'tfuitt; flowing into the room from the caliducts, prevenia all 
-ttuut viinds or datjgerouB diaease-bringing uurrentH ; and aa 
Aere IB BB mncb impure air withdrawn oa there is tresh 
nrm air admitted, an unceasing salutary ventilatioB goeo 
■M, from the time the fire ia lighted until it ia extinguiehed ; 
JO that a peruou may always remain in a room thua warmed, 
mA breathe as pnre an air aB if he were in Ihe fiL^lds." 

The Ganger fire-places were conBtnicted for the combus- 
tkni of wood fuel. Dr. Besagnliera modified them bo aa to 
•dmit of coal being burnt, and, in conjunction with an archi- 
tect, manuiactnred them, and erected a consiiieruble number 
in Iiondon. For a time the comforts and convenience, aa 
ir^ Ha economy of these fire-places, were appreciated, and 
Ihsy were rising rapidly into favour; but, unfortunately, an 
mtciy was raiaed against them by Mr. Hauksbee and some 
Ither scientific oppuneul^ of Dr. Deaaguliers, who declared 

t these fire-places " burnt tbe air, and that burnt air waa 
at*l to animal life." Thia waa a death blow to the Doctor'p 
lew fire-jilacea, and many years afterwards, when referring 
lubject, he mournfully roiuarks : — " As I took so much 
paOB and care, and waa at some expense to make lliis mana^^'C- 
Hnt of air useful, I can't help complaining of those who 
endeSiVoured to defeat me in it." 

In 1745, Dr. Franklin introduced a fire-place, which he 
«med the Penmi/lvaniav., in which Prince Ruperfs de- 
Mnding flue was ingeniously combined with Giiugcr's culi- 
ilLets. Tliis invention was described in a pamphlet written 

1 printed by Franklin himself. The follnwing is a copy 
»f the title-page : — " An Account of the new-invented 
jvlvanian FJre-pJacea ; wherein Ibeii catUi^x^^c^kKL mA. 
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manner of operation is particnlarly explained ; tbeir advi 
tages above every other method of marming rooms demtH 
Btrated ; and all objectionB that have been raiaed agsinat t] 
use of them answered and obviated. With directiooB ( 
putting them up, and for asing them to the beat advantag 
And a copper-plate in which the aeveral parta ( 
machine are exactly laid down from a scale of equal part 
Philadelphia : printed and Bold by B. Frankho, 1744." 

The following is from Franklin's Autobiography :■ 
"Having, in 17i2, invented an open atove for the belts 
wanning of rooms, and at the same time saving fuel, i 
freah air admitted was warmed in entering, t made a proi 
sent of the model to Mr. Robert Grace, one of my eari; 
friends, who, having an iron furnace, found the caating ( 
the plates for these stoves a profitable thing, as they v 
growing in demand. To promote that demand I wrote ani 
published a pamphlet, entitled, 'An Account of the i 
invented Pennsylvanian Fire-places, Ac' This paraphle 
had a good effect. Governor Thomas was so pleaaed wil' 
the construction of thia atove, as deacribed in it, that I 
offered to give me a patent for the sole vending of them fa 
a term of years ; but I declined it from s principle, w' ' 
has ever weighed with me on such occasions, viz., That,o 
enjoy great advantage from the mnention* of olhert, we </ 
he glad of an opportunity to terve others by ani/ invention q 
oart ; and this ae should do freely and generously. 

"An ironmonger in London, however, aaauming a good 
deal of my pamphlet, and working it up into hia 
making soma small changes in the machine, which ralhei 
hurt its operation, got a patent for it there, and i 
was told, a little fortune by it. And this is not the only iD> 
stance of patants taken out of my inventions by otherSf 
though not always with the same success, which I i 
contested, as having no desire of profiting by patents my 
aelf, and hating disputes. The use of these fire-plaod 
in very many houses, both here in Pennsylvania, and tt 
neighbouring states, haa been and is a great aaving of woa 
to the inhabilnnta." 
The /bilowiag ia a description of the Pennsylvanlaa stuTt 
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■ankliu'B pamphlet: — "m, Fig, 28, is the mantel-piece 
of the chimney, c the funnel, b the falae back and 
I the true back of the chimney, T top of the fire- 
the front, A the place where the fire is made, o the 
K the hole in the side plale through which the 
discharged out of the air-box into the room — 
low filled with fresh air, entering from without at the 
and ascending 
r box through 
the fttr-bule in the bottom 
plate near a the partition 
b the hollow to keep the 
lir and smoke apart f the 
pusage ander the false 
back and part of the hearth 
fcr the smoke. The ar- 
Towa show the conrae of the 
nnoke. The fire being 
made at a, the flame and 
snoke will ascend and strike 
file top, T, which will there- 
by receive a considerable 
heat. The smoke finding 
oo passage upwards, turns 
over the lop of the air-box, 
Roddeaceuda between it and 
the back plate to the holes 
in the bottom plate, heat- 
ing, as it passes, both plates of the air-box, and the said 
back plate ; the front plate, bottom and side plates, are also 
all heated at the same time. The smoke proceeds in the 
passage that leads it under and behind the false back, and 
■o risea into the chimney. The air of the room, warmed 
behind the back plate, and by the sides, front, and top 
plates, becoming specifically lighter than the other air in the 
room, is obliged to rise; but the clofiure over the fire-place 
hindering it from going up the chimney, it is forced out into 
the room, risea by the mantel-piece to the ceiling, and spreads 
oil over the top of the room, whence being cto-wAei 4a"«M. 
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gradually by the Btreain of newly warmed air tliat f 
aiiil rises abuve it, the wb'ile room becomee in a short ti 
equally warmed. At the same time tliti air warmed no 
the bottum plate and id the air-boK riees and comes ' 
of tlie holea io the Bide plates, very Bwil'tly, if the door 
the room be shut, and joioH its current with the etrea 
before mentioned, riaing from the side, hack, and top plat 
The air that eoterB the room through" the air-bos 
though warm ; and, computing the awittneaa of ii 
with tlie areas of the holes, it is found that near te 
of fresh air are hourly introduced by the nir-hos; audi) 
this meana the air in the room ia continually changed a 
kept at the same time sweet and warm. It is to be ohaerve 
that the entering air will not be warmed at first lightii 
the fire, but heats gradually as the fire increases. A aqua 
opening for a trap-door should be left in the closing of t! 
chimney, for the sweeper to go up ; the door may be msde i 
slate or tin, and commonly kept close abut, but so placed i 
that, turning up against the back of the chimney when ope 
it closes the vacancy behind the false hack and shoots t 
soot, that falls in sweeping, out upon the hearth. This traj 
door is a very convenient thing. In rooms where there 
much smoking of tobacco, it is also convenient to have a ami 
hole, about S or 6 inches square, cut neor the ceiling throug 
into the funnel ; this hole must have a shutter, by wbk 
it may he closed or opened at pleasure. When open thej 
will be a strong draught of air through it into the chimnoj 
which wili presently carry oS a cloud of smoke, and keep tl 
room clear; if the room be too hot likewise, it will carry off i 
much of the warm air as you please, and then you may stop 
it entirely or in part, as you think fit. By this means it ia that 
the tobacco smoke does not descend among the heads of the 
company near the fire, as it must do before it can get into 
common chimneys," 

The Penasyivanian fire-place was constructed for burning 
wood, but in 1763 Mr. Durno adapted it for the burning of 
coala, aud sent one of his stoves to London as a mode!. The 
fuel box. was 15 inches wide, £J inches deep, from the grating 
to the top bar, 5^ inches from froat to back. This kept a 
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Fig. 29. 



14 feet square, at a temperature of between G0° and 
dnring la houra.with the consnmptioQ of only one peck 
of coals, at a time wlien tlie external temperature was 28°, or 
4* below freezing, 

iple, but highly ingenioua grate, in which the burn- 
ing fnel IB made to consume its own smoke, was alao one 
of the many original oontrivanceB of Franklin. It conBiBta 

circular fire-cage (Fig. 29), abont 
ft foot ill diameter, and from 6 to 8 
e from front to back ; the 
b«ck is cif plate iron, and the front filled L 
with bars, of which the three middle (j 
are lixed, and the top and bottom mov- 
•ble, and either one may be drawn ont ^ 
for the purpose of filling the grate with 
ftiel. The fire-cage turns upon axes, 
■npported by a crotchet, fixed on a stent, 
which revolves upon a pivot fixed to 
the hearth. The fire is lighted by with- 
drawing the upper bar and then placing wood and coals in 
the cage, aa in a common grate; the bar is then replaced. So 
adding fresh fuel, the upper bar is removed and then 
re|ilBced. When the grate ie first lighled a quantity of thick 
aitioke IB emitted by the fnel ; but as soon aa it begins to 
burn well, the cage is turned round on its axes, ao that the 
burning coals at the bottom shall occupy a position at the 
top. The whole is then turned round on the pivot, ho as to 
bring the bars again in front ; by this arrangement the fresh 
eoala below the lighted fuel will gradually ignite, and their 
nnoke, having to pass through the fire above them, will bo 
entirely consumed. In this way the combnstion is perfect, 
or nearly so, and this economy of fuel is accompanied by a 
innch greater heating effect; littleor.no soot is deposited, 
for all the combustible matter of the fuel is converted into 
heat. For want of some such contrivance, a very consider- 
able portion of our fuel is wasted by our open fires under the 
best management. Soot is very iuflammable, and a pound 
of it gives as much heat as a pound of coal ; and the quantity 
of wot which liaea oar chimneye is very inconSLdeT&^iVe, e£i\&- 
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pared with that which escapes UDConaamed at the chimney 
top, and filU the neighbourhood with Hacks, and, returning 
itito our houses tlirough the open windows, makes the furut- 
tare dirty, or, entering onr lungs, offers an impediment to 
free respiration. Another advantage of the revolving- grate 
is, that it may be turned into any position, so aa to radiatd 
its heat in one direction rather than another, and, by placing 
the bars in a horizontal position, a teakettle, or other cooking 
utensil, may he set on it. 

We cannot part with Franklin without aome notice of the 
services rendered by him tn the cure of smoky chimneys. 
Bat first as to the chimney itself. We have seen that the 
invention of chinmeyH was not a scientific result, but an act 
of necessity. The first object proposed to be accomplished 
by them was to discharge into the air the products of coat- 
buBtiou, instead of allowing them to spread over the apart- 
ment. ■ With tiie huge wood fires of our ancestors, the large 
hearth recess and the capacious flue did not interfere witli 
the accomplishment of the object proposed ; but as circum- 
stances changed — when fire-places were introduced into 
small rooms, and coal was substituted for wood — the arrange- 
ments which were not altogether ill-suited to the baronial 
hall or kitchen did not apply. Science was unable, or did 
not condescend, to investigate the subject, and thus the 
defects of chimneys continued to exist through many gene- 
rations. One great defect arose from the great capacity of 
the flue in proportion to the extent of the fire, the heat of 
which was often insufficient to determine an upward current 
for carrying off the smoke. It is now a matter of everyday 
experience, that the force of the draught in a chimney is ao 
much the greater as the column of air which passes up it ii 
longer or more heated, or, in other words, the taller th« i 
chimney, or the hotter the fire, the more rapid will be thft^ 
draught. The ascentional force of this current is the differ* 
enee between the weight of the column of heated air 
chimney, and a colnmn of the surrounding atmosphere < 
equal height. Air and gases expand almost equally and v 
nearly in proportion to the increase of temperature. Fi 
3^, tiie Iieezlug point, to 212°, tUe boiling point, uf wateii|| 
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■esBe in bulk more than one-third, 1,000 pints at 
'becoming 1,366 at 212°. TbiB is i,i,t\ie of the volume 
•t 32°, or about jy^.^ for each degree of Fahr. Now, Bup- 
poae when a chimney is dTawmg, the temperature of the 
ucentliug air in the average of its length ie 26" above that 
of the outer air, which we may aappoae ie at 41°. The ex- 
pansion of air for each degree ia si^th of ita bulk at 41°, ao 
that the column of air in the chimney will he dilated -gT^iiia, 
OTgVtl'- ^ cohimn of such heated air in the chimney, 21 
feet high, would balance a column of only 20 feet in height 
at the temperature of the outer air, and the aBoentional force 
■of the heated air (or draught of the chimney) would be that 

to the difference in weight between the 21 feet of heated 
air and the 21 feet of colder air, aud this would he equal to 
^e preasure of a column of the colder air 1 foot in height. 
It ie obvious from this that the draught is increased by 
increasing the perpendicular height of the chimney, Ita 
length in a horizontal direction does not increase, but dimin- 
ishee the draught, by cooling the air before it gets into the 
effective part of the flue. The draught is also increased by 
making all the air which enters the cliimney pass through or 
very near the fuel ; for when much air gets into the chimney 
above the lire, by having a high mantelpiece, the maaa of 
air in the chimney cannot get sufBcieutly heated. The shape 
and structure of the chimney naay also aasist or retard the 
draught. The chimney should be as small as possible ; only 
jnat sufiBcient to diachargo the smoke and aasiat the ventila- 
tion of the apartment. The circular form is preferable to the 
square, on account of the resistance being equal on the in- 
ternal surface, and double currents are less easily established. 
According to Peclet,* the horizontal section of the circular 
cbimney-sbaft of an ordinary apartment need not be more 
than 15 to 20 centimetres in diameter (6 or 8 inches), or an 

of from 3 to 4 square decimetres (12 to 16 square inches), 
Imt it will be remembered that these estimates are for wood 
ifiree. Where coal ie need they must be somewhat extended. 

TVvnW de la ChuleiiT miM'lerk dam set avplicaiioKi.' 2ni Efl. ISflO. 
The reader tntur^lnl In the subject In a technologicBl pnint of view should 
'' ToL L, book 3, " On CbimneyB " (2Ja CiemiiUM^, tcim. ^siB* 
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In the cure of mnoky ehimneyB Ihere are practical difflj 
onltieB and Bpecial casea which usually come under the p 
logical treatment of the araoke-doctor ; these may all 
resolved by reference to well-known Bcientific principles, b 
unfortunately, the smoke-doctor is not always, indeed ve 
seldom, a man of ecience. The following c 
chimneys and the method of, care, will include sa tnach 
need he said on this subject to the intelli^'eni, reader.* 

The most proUfic cause of smoky chimneys is the WAnt 
a anfBcient supply of air to the fire. This is aometimee t 
case in a new house, where doors and windows fit tigh] 
and accurately, so that scarcely a chink is left for the adm 
eion of air. Or if the house be not new, the windows ai 
doors are often listed, sandbags are placed over the janeti 
of the two window-frames, and a thick mat closes the bottc 
of the door, and even the key-hole is often stopped. 
is no wonder that, under such circumstances, the chima 
should smoke ; for the air necessary to support the fire ml 
come down the chimney (the only way left for it) instead 
passing throug-h the fire and up it. Dr. Franklin's method 
ascertaining, in a rongh way, bow much air is required p 
minute to make the fire burn well without smoking, is to i 
the door open until the fire burns properly, then gradual 
to close it until smoke again begins to appear: next opot 
it a little wider, and hold it in such a position as will a" 
the necessary supply. Now observe the width of the opa|i 
crevice between the edge of the door, and the rabbet lat 
which it would shut. Suppose this distance to bu half t 
inch in a door 8 feet high ; the room would, in snch c 
require for the entrance of the air an aperture equal to 4 
square inches, or a hole 6 inches by 8 inches. This, hoi* 
ever, would he more than is usually required, Dr, Frank! 
found that a square opening of 6 inches to the side was 
good medium size for most chimneys. £ut now comes tl 

Dr. Franklin are 

fint Bjipeuijd la the Traasactions of Ihe American Pliilusopliical Hocletjp. 

waarsad Ocloher 2], 17^, uud afterwuda |mbll9hed as a separate ' 

la Eagltad Bad Aaarien. 
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Afficalty (at least in English hdnses, where no air-duct is 
prOTideil by the architect and builder, aa in the Ganger fire- 
[dace), where to maka thie npening. If made in the lionr, it 
would not only interfere with the privacy of the room, but 
adrnit a cold draught to the back and feet of those tilting 
near the fire ; if made in the window, it would bring a cata- 
T»ct of cold air down upon the heads of the inmates. 

It has been proposed to cut a crevice in the upper part of 
tlie window. frame, and to place below this a thin shelf, alop- 
iag upwards, in order to direct the air towards the ceiling, 
-where, minghng with the heated air of the apartment, it 
iTonld mitigate its temperature, and bring it down again to 
feed the fire. The objeclion to this plan is, that it condensea 
the prodacts of respiration and cODibuetion, and causee these 
aerial poieoDS to be breathed over again. An old-fsghioned 
contrivance for kitchens was to place in one of the spaces 
of the window-frame a circular tin plate, containing a wheel 
nonnted on an axis, the radii or vanes being bent obliquely ; 
tbeee, being acted on by the entering air, forced it ronnd like 
the vanes of a windmill, and at the same time dispersed the 
tit to a cerlain extent, and prevented a distinct draught from 
being felt. Another method was to take out a pane of glass, 
md mibstitute a tin frame, giving it two sjiringing angular 
udee; and being fiimished with hinges below, it conld be 
drawn in more or leas above, eo that the incoming air might 
he directed upwards, and regulated as to quantity. A some- 
what similar contrivance has been introduced for ventilating 
roonu, bnt when there is a fire in the room, it mnst serve the 
pttrpoae of introducing air instead of letting it out. It con- 
aista of a number of etrips of plate glass, arranged after the 
faahion of a Venetian blind, occupying the position of one of 
the panes of glass in the upper window-frame. By a little 
M^Uating motion, the strips can be separated more or less 
KpKt, to regulate the supply of air, or closed entirely, so aa 
to exclude it. Perforated panes of glass have also been intro- 
duced as ventilators, but they must also bring air into the 
room instead of letting it out, when afire is burning. The best 
plan of all is the air-duct, described in Ganger's fire-placca. 

A second caaae of smoky cbimneyB anaea ^lom. &e ^ia al 
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the fire-placa ; it may be too wide or too high. Dr. Franklin 
rt liommeoded tliat tlie openings in the lower rooms ehould h 
aiiQUt 30 inches square and 18 deep ; and those in the upper 
rooms only 18 inches square and not quite ao deep ; tl 
termediate openings dimiaiebing in proportion to the height 
of the funnel. 

But the funnel itself may be too high compared with thft 
size of the fire. The hot air, ascending to a certain height, 
may disiribute its heat to the air in the upper part of the flue, 
to that the whole may cool down, and the column within tbs 
flue he nearly of the same weight as an equal column o 
outside. In such a case, there will he little or no draught ta 
carry off the smoke, and it will, therefore, enter the roo 

But it mote frequently happens that the funnel is too Hhort, 
The remedy in such case is to contract the opening of tho 
chimney, so as to make all the air that enters pass through or 
very near the fire. 

In some housea, instead of having a separate chimney for 
each room or fire-place, the flue is hent or turned from aa 
upper room into the flue of another fire from below. In 
a case, the upper chimney is tno short, sinoe the length can 
only be estimated from the place where it enters the flite of 
the lower room ; and this, in its turn, is also shortened i 
efScient length by the distance hetween the entrance at th 
second funnel and the top of the stack ; for all that part being 
supplied with air from the second fnnnel, adds no force to ' 
the draught ; and if there is no fire in the second chimney, 
it cools the hot current of the first, and so diminishes thft 
draught. The remedy in this case ia to close the opening of ^ 
that chimney in which there is no fire. 

Chimneya often overpower each other, and so prndnce smoke'. 
in the room. If, for example, there are two fire-placea ii 
large room, with fires in each, and the doors and windowA 
closed ; if the two fires do not burn equally well, either from 
not being lighted at the same time, or not equally sapplied 
with fuel, or from any other cause, the stronger fire will 
overpower the weaker, and draw the air down its funnel to 
supply ita own demand, bringing the smoke with it. Two 
cbimneys ia diSereat rooms, which conuii\i'nicaJ.« ^i-j ^dow. 
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may also act In thia way whenever the door ia opened; ao, 
■Iso, in B honse where all the doors and windows lit tightly, a 
etrong kitchen chimney on the luweat floor may overpower 
uiy other chimney in the house, and draw air and Bmobe into 
the rooms as often as a door commnnicating with the atair- 
csse is opened. Dr. Franldin mentions the case of a noble- 
man'a house in Weetminater afflicted with thia trouhlesome 
complaint. It was a new houee, and after the owner had 
paid for it, and discharged all elaima, he had to expend £ZvO 
more before the smoky chimneys were cured. Of course, 
the only remedy for thia disorder is, to provide each room 
with the means of funushiug the fire-place with a aufficient 
supply of air for the combustion of the fuel. When will 
architecta and builders be convinced of the fact, that fire- 
places, as well as human beings, require constant suppliea of 
freab air, and tliat it is their duty to provide every room with 
>ir channels, placed so as to feed the fire without annoying 
the inmates ? 

Another fruitful source of smoky chimneys la, when their 
tops are commanded by higher buildings, or by a hilt, eo that 
the wind blowing over them, falls like water over a dam, 
Bometimee almost passiog over the tops of the chimneys, and 
beating down the smoke. If the fnuneta cannot be raised, ao 
that their tops may he of the anme height or higher than the 
eminence, the only remedy is to mount one of those ugly con- 
trivances with which the chimney -doctors delight to satirise 
the architect and builder, and which are thus enumerated 
in an amusing article in Chambers'^ Edinburgh Journal : — 
" The simplest of all conaiats in the well-known revolving 
bonnets or cowls, with wind-arrowa on their summits ; which, 
by the way, were once called ' Eishops ' in Scotland, while 
a friend assures me, that in the west of England he has 
heard them styled ' Presbyleriana.* The pliiloaophy of this 
contrivance ie auERcieutly simple — in whichever direction the 
wind blows, the month of the chimney ia averted from it. 
This principle has its development in a thousand devices — 
Bome looking like Dutch ovens come up to aee the world. 
Borne like half sections of sngar-loaves, anme \\V« ii»'^\l.AW%, 
and entidry other ple&iing objects. T\ie xeit\™.\xie'3-'V^'^> 
F 3 
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too. have contrivanceB of a similar intention, in the diverging) 
epoHts and cavitiea and twiata which eome of them delight ii 
A different epecies is the perforated T\'hirliDg variety, whicl 
seem perpetually whizzing round for the mere fun of thi 
thing, since any good they do ie extremely apt to escape 
detection. They are a Hvely-Ioolcing apparatna ; but on aqua^ 
nights, and when the pivot becomes a little ruBty, the m 
8onnda they give forth can scarcely he considered agreeaUs 
Among the more ingenious of smoke-curers, an iavention d 
recent origin, named the ' Archimedean screw ventilator^ 
deserves a place. It conaists, as its name implies, of wind' 
vanes attached to the extremity of a revolving screw. Whea 
the wind strikes these vanea, it produces a rapid revolution 
of the screw, which is thus supposed to wind up the smoke o 
vitiated air from below. Perhaps it serves the propoaedend: 
but whether the positive advantage thus gained is not loa" 
fay the obstruction of such apparatus to the free passage a 
smoke in calm weather, ia a point in my estimation mor 
than questionable. For the relief of such chimneys as onl; 
smoke in windy weather, perhaps this and other forma o 
external apparatus are beat adapted. Another invention o 
equal merit ia a chimney-cap of metal externally grooved ii 
a aeties of spiral curves np the pipe, which end in a kind a 
mouth-piece, from whence the smoke issues. The wind, when 
impelled against this apparatus, is supposed to take some* 
what of the direction of the spiral grooves, and thus to form 
an upward current to assist the emission of the smoke." 
of the moat recent of this claaa of inventioaa is " Day's wind- 
guard," which consists of an octagonal metallic chimney-caj^ 
having four slits in it, which are protected by projecting! 
pieces or slips of metal. When a current of air atrikea 1 
any direction against the cap, it reflects or turns the air ii 
Buch a manner aa immediately to prodnce a draught up the 
pipe. " la casting one's eye down the long streets of the' 
smoky city, in taking a survey of the roofa and their tor 
mented chimneys, the infinity of other contrivances is so great} 
that it ia acarcely a poetical hyperbole to say onr pen starts 
back from it. Here ia patent upon patent, scheme after 
«o4(HDe, each doio^ its best, ng doubt, to oVileia \iie MiuOKt 
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OTCT that simple thing — smoke ; and each with a degree of 
Baoceas of a very hopeless amount. There appears to me 
something iutenseiy Indicroua io these etruggleu again et what 



^ible foe ; ihe very element 
: not strangling him in 
I doubt ; there 



seems to be an absurd, but ai 
of whose success against us 1 
hia birth. Many obstacles b 

) obstacles in the way of every good; bat I have Uttla 
doabt, tbat had the perverted ingenuity which has misspent 
itself upon the chimney-pots been directed to the fire- 
place, we might have now had a diS'erent tale to tell. The 
smoke nuisance is laughed at as a minor evil, by a great 
practical people like ourselves, who heroically make up our 
mindB to pat up with it ; hut when it is considered as an item 
in the comfort, cleanliness, and health of a whole nation, it 
iSBnmeB, or should assume, a dlfierent position." 

We do not by any means affirm that cowla and similar con- 
triTances are always effectual in the cure of smoky chimneys; 
" r it is easy to imagine cases where chimneys will, or rather 
OKtBt smoke, in spite of the whole host of caps, cowls, and 
vtnee. For example, when a commanding eminence is farther 
from the wind than the chimney commanded, the wind wotdd, 
aa it were, he dammed up between the house and the emi- 
nence, and force its way down the chimneys in whatever 
position the turu-cap or other contrivance might be situated. 
Dr. Franklin mentions a city in which many houses were 
tormented with smoky chimneys by this operation, for their 
kitchens being built behind, and connected by a passage with 
the houses, the tops of the kitchen chimneys were thus lower 
than the tops of the bouses, and thus, when the wind blew 
against the backs of the houses, the whole side of a street formed 
s dam, and the obstructed wind was forced down the kitchen 
chimneys, and passed along the passages into the housee, and 
80 into the street. This was especiallytbe case when the kitchen 
fires were burning badly. In summer, the annoyance assumed 
■ different form, for the smoke was wafted from the kitchen 
chimneys into the chambers of the upper rooms. 

Chimneys, which otherwise draw well, will often emoke from 

H improper situation of a door. Thus whea ttie iwit mA 
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being in the corner, is made to open against the wsll, a 
usually done, to have it nioie out of the way, it followa that, 
when the door ia partially opened, a cnrrent of air mBhea ia 
and passes along the wall into and across the opening of th«, 
fire-place, and nhiske the smoke into the room. This happens, 
more frequently when the door is heing shut, for then the force, 
of the current is increased, and persons sitting near the fira. 
feel all the inconvenience both of the draught and of the smoke,. 
A remedy may be found hy an intervening screen, projecting 
from the wall and pasBing round a great part of the flre-plac 
or still hetter, hy aliifting the hinges of the door, so aa to tlirow^ 
the air along the other wall. 

A room with no fire in it is sometimes filled with smoke, 
from the funnel of another room, in which a fire is bnming. 
This arises from changes in density of the air in the cold 
fnnnel, from changes in temperature by day and by night, aa 
well as from changes in the direction of the wind. It is found 
that when the temperature of the outer air and of that in tha 
funnels is nearly equal, the air begins to ascend the funnels as- 
the cool of the evening comes on, and this current will c 
tinue till nine or ten o'clock next morning ; then, as the heat. 
of the day approaches, it sets downward, and continues to da- 
so till evening ; it then changes again, and continues to go 
upwards during the night. Now, wlien the smoke from the 
tope of neighbouring funnels passes over the tops of funnels 
which are drawing downwards, the smoke is also drawn down, 
and descends with the air into the chamber. The remedy 
proposed by Dr. Franklin was, to contract the opening of the 
chimney to about 2 feet between the Jambs, and to bring thai 
breast down to about 3 feet of the hearth. An iron frame is^ 
then placed just under the breast, and extending to the back 
of the chimney, so that a plate of iron may slide horiaontally, 
backwards and forwards in the grooves on each side of ths; 
frame; this plate, when thrust quite in, fills up the wbole> 
space, and ehuta up the chimney entirely when there i 
tire. But when there is a fire, it can be drawn out, su aa to- 
leave between iU furthsr edge and the back a space of about 
2 inches, trhich is snfGcient for the smoke to pass; and so< 

a a part of the tunnel being atoppei ^i^' 1\ie xea\. ol ^Im 
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jilate, the pftsaage of warm air ont of the room up the chimney 
ia in great measure prevented, as is also the cold air from 
Crevicea to anpply ita place. The effect ia seen in three 
ways: — 1. When the fire burns briskly in cold weather, the 
howling or whisking of the wind, as it enters the room 
ibrongh the crevices when the chimney is open, ceasea as 
soon aa the plate is slid in to ita proper distance. 2. Opening 
the door of the room about half an inch, and holding the hand 
•H^ainat the opening near the top of the cloor, yon feel the cold 
air coming in against your hand, but weakly if the plate be in. 
Let another person draw it out, so as to let the air of the room 
go up the chimney with ita usual freedom in open chimneys, 
and yon immediately feel the cold air rushing in strongly. 
3. If something be aet against the door, just sufBcient when 
the plate is in to keep the door nearly shut, by resisting the 
pressure of the air that would force it open, then, when the 
plate is drawn out. the door will be forced open hy the 
increased pressure of the outward cold air endeavouring to 
get in, to supply the place of the warm air that now passes 
ont of the room to go up the chimney. " In our commoa 
open chimneys," says the Doctor, " half of the fuel is wasted, 
and ita effect lost ; the air it has warmed being immediately 
drawn off." 

The form of the chimney-pot has also an influence on the 
free passage of the smoke. Many of those fancy chimney- 
pota ornamented, singly or clustered together, will cause the 
chimneys to smote in strong winds ; the ornameute serving 
ae paints of resistance to the wind, after reflecting it down the 
chimney ; and the clustered arrangement presenting a hroad 
resisting surface, so that the wiud, in blowing against them, 
rises up along the surface, and blows strongly over the mouths 
of the pois, so that the smoke cannot force ita way through the 
blast. In Venice the top of the iiue ia rounded into the true 
form of a funnel, and this is often found to answer the purpose ; 
but, at present, we do not know of any remedy except a turn- 
cap, or one of the many inelegant contrivances, already re- 
ferred to, which give such wonderful variety to the sky line 
of most of our houses and public buildings. 

IB of araoky cliimneya may aiiae, w\i\c\i lavj -^-Maiia 



WL 



110 CASES OF SMOET CBIMKETS; 

the science of the moet accomplished em oke -doctor. W« 
borrow two Buch from Franfetin. " I once lodged," ho i 
"in a house in London, which, in a little room, had a eingU 
chimney and funnel. The opening waa very small, yet it did 
not keep in the emoke, and all attempts to have a tire in 
room were fruitlesB. I could not imagine the reaeon; t: 
length, ohserving that the chamher over it, which had no 
place in it, waa always filled with smoke when a fire 
kindled below, and that the smoke came through the cracks 
and crevices of the wainscot, I had the wainecot taken down, 
and discovered that the funnel which went up hehind it had 
a crack many feet in length, and wide enongh to admit my 
arm ; a breach very dangeroue with regard to fire, and o 
aioned, probably, by an apparent irregular eettlingof one Bidfli 
of the house. The air entering this breach freely, destroyed 
the drawing force of the funnel. The remedy would bars 
been, fiUiug up the breach, or rather rebuilding the fdnnel; 
bnt the landlord rather chose to stop up the chimney." 

The second cbbo occurred at the house of a friend neaf 
London. '' His best room bad a chimney, in which he told 
me he never could have a tire, for all the smoke came out into 
the room. I flattered myself I could easily find the canae, and 
prescribe the cure. I opened the door, and perceived it ■w 
not want of air, I made a temporary contraction of ths 
opening of the chimney, and found that it wae not ita being 
too large that caused the amoke to iaene. I went and looked 
up at the top of the chimney ; its funnel was joined in 
same stack with others, some of them shorter, that drew very 
well, and I saw nothing to prevent its doing the same. Id 
fine, after every other esamination I conld think of, I wa» 
obliged to own the insufBcienoy of my skill, liut my friend, 
who made no pretension to such kind of knowledge, aftetward> 
discovered the cause himself. He got to the top of thefonnel' 
by a ladder, and looking down, found it filled with twigs and 
straw cemented by earth, and lined with feathers. It eeema, 
the house, after being built, had stood empty some years before 
he occnpied it; and he concluded that some large birds had 
taken the advantage of its retired situation to make their neata 
Ihere. The rubbisbj considerable in quantity, being removed, 
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and the fonnel cleared, the chimney draw well, and gave 
satisfaction." 

It has been remarked, that chimneys aitualeij in the north 
wall of a house do not draw ao well as those iu a south ivbII, 
because when cooled by north winds, tiiey are apt to draw 
downwards. Hence, chimneys enclosed in the body of a honaa 
■re more favourably situated ttian those in expoaed walls. 
Chimneys in stacks often draw better than separate funaels, 
because those that have conataut fires in them warm those in 
which there are none. 

We have been tempted by Dr. Franklin's amusing letter 
to enlarge somewhat on the subject of smoky chimneys, for- 
getting that the history of the Englishman's palladium, the 
open fire-place, is hy no means complete. It is astooiahitig 
how little impreaaion Dr. Franklin's labours in the art of 
wanning rooms seem to have made, for when towards the 
end of the century a more influential, if not more zealous, 
labourer in the same department appeared, he found abun- 
dant defects to cure, waste of fuel to remedy, and much die- 
comfort to get rid of. 

Count Euraford may be considered, in many respects, as a 
public benefactor. It is scarcely possible to overestimate the 
amonnt of good effected hy means of his homely inventions 
■od familiar Essays. He was equally at home in improving 
ft chimney fire-place or a coffee-pot, a private bath or a 
pubhc kitchen ; he showed equal zeal in investigating the 
laws of heat and the condition of the poor ; and even now, 
after a lapse of seventy years, we find his Essays * very 
pleasant reading. But the Essay that moat concerns us here 
IB the fourth, " Of Phimney Fire-places, with proposals for 
improving them, to save fuel; to render dwelling-houses 
more comfortable and salubrious, and effectually to prevent 
diimneys from smoking." Eaaay XI. is entitled, "Supple- 
mentary of Chimney Fire-plaees." Essay VI. is also "On . 
the Management, Offices, and the Economy of Fuel." The 
fire-places which Count Rumford proposed to improve were 
large aquare cavities with the back of equal width with the 

"Esgars, Fiiitical, Ecita, 
at of bumfiird. i vols, t 
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opening in front, with the aideB or covin^a parallel, so thai 
the heat from the fire could not be reflected i 
from them, and the large open corners occasioned eddies o( 
wind, which frequently disturbed the fire, and prevented th« 
Bmoke from ascending, and even whirled it into the room. 
The Count very properly defines the object of a chimney 
fire as being simply to warm the room. He then, with naiK 
formality, proceede to say that it is necessary, firtt of all, t 
contrive matters so that the room shall be actually warmed j 
tecondly, that it be warmed with the smallest e 
possible; and thirdli/, that in warming it the air of the roam 
be preaerved perfectly pure and fit for respiration, and frea 
from smoke and all disagreeable smells. The quantity <" 
heat that goes off, combined with the smoke, vapour, an 
heated air, is at least three or four times greater than tlia^ 
vhich is radiated from the fire,* All the combined beat 
escapes up the chimney, and of the radiant heat only a 
portion escapes into the room. If the smoke and combined 
e made to pass by a winding flue into the room abov^ 



such heat might be turned to account instead of being thrown 
to waste into the atmosphere. Alluding, in another part, t( 
the plagne of emoke, he says, " I never view from a distance^ 
as I come into town, this black cloud which bangs ( 
London, without wishing to be able to compute the 
roense number of chaldrons of coal of which it is composed; 
for could this be ascertained I am persuaded so striking i 
fact would awaken the curiosity and excite the astoaiahmeniS 
of all ranks of the inhabitants, and perhapg turn their mind* 
to an object of economy to which they had paid littherta(; 
little attention." 

The Riim/ord slave (as it is incorrectly called) has mada 
the Count's name familiar among all claase 
well known, that a description is scarcely necessary, Th« 
Count's essential improvement consisted in contracting the 
area of the fire-chamber, and placing a flat surface in eai^ 
interior angle, aa in the plan Fig. 31. so as to reflect thai 
portion of beat into the room which in the old squaref 



THE KOHPOBD TIRE-PLACE. 



113 




tbiinbered grates escaped ap the chimney. The throat 

of tite abimriey waa aleo greatly reduced in size, and the 

iMMt-work, a (Fig 30), rounded off, in order to afford 

km obotnictioo to the ascent of the smoke 

When the chimney required sweeping, the 

]dite or flagstone, J, could be removed so 

u to opeo the throat and be replaced after 

the operattuD According to Rumtord, in 

order to obtain the greatest effect from the 

fael, the sides of the fire-place onght to be 

plu-ed at an angle of 135° nith the back 

of the grate, or, which is the eame thing, 

U ID angle of 45^ with a line drawn across 

Ihe front of the fire-place (^ee Fig 11) 

These angular covmga were not to be ot 

iron, bnt of some non-conducting substance, ^* -"^ 

BDuh as fire-clay, and polished with black lead He objected 

to ciTcnlar covings, on the ground that they produced eddiea 
or currents, which would be 
hkely to cause the chimney 
to Bmoke , and he also ob- 
jected to the old form of 
registers or metal covers to 
the breast of the chimnev, 
for the same reason , and 
abo because by their sloping 
npwards towards the hack of the fire-place, they caused the 
wann air from the room to be drawn up the chimney, and 
thnB interfered with the passage of the smoke. These regis- 
ters are now arranged ao as to be lower at the back than at 
the front of the stove, but Ihey are usually placed too high up. 
If brought down lower, and placed at an angle of 45°, much 
of the heat of the fire would be reflected into the room. 
The Count also greatly diminished the size of the fire-grate, 
and considered the best proportions for the chimney recess 
to be when the width of the hack was equal to the depth from 
^Dt to hack, and the width of the front or opening between 
the jambs three times the width of the beck. 

jMt Rnraford was very euthuBiastic about ^ift ?aft-"^*aKt, 
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and tie commnni'cates hia entbusiaein to his Essays. Then 
is, indeed, a charm about them which helongB to a man wb 
is in earnest in hia puraiiit. He returns again a] 
to the point in hand, recapimktea, reiterataa, gives direction 
for laying out the work ; i^ood engravings with Bcpardl 
descriptions; lists of persona who have adopted his plans wi^ 
auccesa; listsof workpeople who execute the work; and, follow 
ing the example of Dr. Franklin, he requests everybody d 
observe that, as he does not intend to patent any of his invefl 
tiona which may he of public utility, a!J persons are at full liber^ 
to imitate them and vend them for their own emolument, an 
those who wish for further information will receive gratia a| 
the information they can require, by applying to the aiithor,wb 
will take pleasure in giving them every assistance in hia pOwM 

Count Rumford's iraprovemenfs so evidently led 1 
saving of fuel and an increase of comfort that they mada , 
permanent impression. His register stove has continued ii 
nae to the present day. The principlea of its constnictioi 
were laid down by Tredgold • in the following ms 
" To determine the position of the covings, h e, ao that thej 
shall be best adapted for reflecting the heat of the flame ii 
the room, we may consider v to be the focus of the Are, then 
if o A be at an angle of 45-^ in respect of d b, the heat from • 
portion of flame at the focus, f, would be refipcted into tW 
room in a. direction per* 
pendicular to the line D 
which here represents th» 
front of the grate, 
angle of incidence being 

equal to the angl 

"^^ flection, which is the con* 
dition required to be fiil- 
Fie- 32. filled. The same will b« 

trne of a portion of flame at any other part of the i 
Therefore, to set out the covings ao that they will reflect tht 
heat with advantage into the room, make e the middle a 
the front of the grate, nnd b d half the width which is oon^ 
it for the opening, and make a e perpendicular, and 

"fr/nciples of Warming and Ventilaling VubWc BuSaiags." 
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«qnal to D B ; tiieo joio a d, and it is the direction in which 
covitig should be pl&ced. A greater obliquity would be 
more effectiTe, hecanse it would spread the rays more 
into the room, but ie not convenient in other reepecta. The 
bock of the lire is usually etraight; hut, unless the Gre he smail, 
it 18 an advantage to malie the back in two parts, forming an 
obtuee angle at e; in this angle the Bmoke collects and ascends 
with lese obstruction than when it ie dispersed over a flat 
aatface. It ib not neceaeary that the form of the fire should 
be regulated by the position of the covings, because its form 
does not affect the reflections; on the contrary, acute angles 
should be avoided, and the fuel kept in mass as much as 
poaeible. The form for the fire marked a 6 erf, in the figure, is 
drawn with the angles as acute as they ever should be made." 
Passing over numerous modificationB of the register stove 

s not involving any new principle, we come to the year 
1815, when Mr. Cutler look out a patent for a register stove 
with a chamber or magazine beneath the grate for contain- 
ing BufBcient fuel to Inst a whole day. The following descrip- 
don is from the article " Stove " in Jieei's Ci/dopcedia : — " The 
bottom plate of the chamber is movable, and by means of 
a wheel and asle the fuel contained in the chamber can be 
raised so as to bring a portion of it into the grate at the 
lower part or from beneath, and thus from time to time re- 
[dace the fuel that is consumed without the trouble of throwing 

n coals. To make the fire burn, the fine must be so con- 
Btmcted as to produce a strong draught through and across 
the top of the fire. Introducing the fresh coals from beneath 
causes the smoke therefrom to be consumed in passing 
through the superposed hot coals. Another improvement is 
to reduce or extinguish the fire ; the fire is lowered into the 
obamber beneath the grate, and is thus deprived of a supply 
of fresh air, and is consequently soon extinguished ; moreover, 
Bparke cannot fly out, so that the fire may be left with safety. 
By burning the smoke the full effect of the fuel is obtained ; 
and were this generally practised in London the air would he 
as free from smoke as in Paris, and other Continental cities ; 
chimney sweeping would be unneceasary ; there would he no 
danger ofsoat ia tho Hue catching fire, and amu'tft ■si'i';i&.'w*. 
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descend IVom cLimoeyB into rooms. The saving the trouble 
of pulling on coala ; the continually bright and cheerful fire, 
ftnil the easy and safe means of extinguishing the fire at night, 
are matters of importance; eapeoially the last, considering bow 
many 6rea occur in the night, doubtleBsacciuionedby (ires left 
nnextinguished. The machinery for raising the bottom of th« 
Btove is simple. The chamber conaists of iron plates screwed 
together, with a movable bottom fitted to it. A bar la fixed 
across beneath the bottom, the ends of which pass througl 
elitB in the side plates. To the extremities of the ba.r arttj 
attached the ends of two chains, which are madi 
upon the ends of a horizontal axle which extends over the 
top of the stove, so as to be out of sight in the chimney. The 
axle is turned by a. crown wheel, 
which turns a pinion, the axis of 
which appears through the iron- 
work of the stove ; in this end is ft 
square hole for receiving a widcU 
handle ; thus, by means of the axle ' 
and chains, the bottom plate i^ 
raised, and fresh fuel is added to 
the lower part of the fire," 

Culler's arrangement does 

seem to have met with much boo*' 

cess, probably on account of di^ 

small amount of extra trouble i 

quired to feed the fire from beloi^ 

instead of the ofF-band plan 

ing the coals on the top. Cutler's 

plan was also wanting in simplicity, 

Br. Arnntt has effected the e 

object by somewhat simpler me 

in an invention which he calls "ThB 

p. gg^ Smokeless Fire-place." Thia is d»* 

scribed by him in a work* 

which we gather the following particulars : — Fig. 33 c 

the arrangements of this fire-place, Thefire-hos, e/gh,eaa-i 

• "On ihB flmokolera Firs^lace, Chimne, 
am/new, ofabulaing tieHllhfui Warmth and 
*/»., r.S.S., Ac iondoa, 1855, 
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tuning the charge of coal for the day's coDsutniition, has a 
movable false bottom or piston, si, supported by a piaton'roii, 
Mft, fiirnUhed with notcibes ia which the catch, iu, engages so 
M to auppoTt the piston at any required height. By placing the 
poker in one of these notches, and resting its point on soma 
fixed support, it may be used as a lever of the second kind for 
raising the piston, and bringing a fresh supply of fuel into the 
grate. Should it be required to replenish the coai-box while 
the fire is burning, as when the piston is on a level with the 
bottom bar of the grate, e./, a broad flat sliovel or spade, of the 
ehape of the bottom of the grate, is pushed in over the piston, 
which being let down to the bottom of the conl-box. the spade 
is raised in front by its handle, when the two front bars of the 
^tftte, yielding upwards to the pressure, expose the mouth of 
the coal-box, and a new charge of coal being shot in, the 
Spade is withdrawn. In lighting the tire the wood is laid 
OD the upper surface of the fresh coal in the box, with a 
thickness of S or 4 inches of cinder or coked eoal from the 
fire of the preceding day; when the wood being lighted, ignites 
the cinder above, and distils eome of the pitchy vapour from 
the fresh coal below, and rising through the wood, flame, and 
cinders, burns with a flame. When the cinder is fairly 
ignited, the volatile portions of the coal, passing through the 
fire, will be decomposed and resolved into invisible products 
of combustion, and the fire will remain smokeless. Of course 
it is not necessary to let the fire go out every day. If the 
coal-box be tilled once or twice a day, according to the re- 
quirements of the grate, it will go on smouldering during the 
hours of the night, and can be quickly brought into full 
activity in the morning by raising the piston rod. It is a 
point of importance that the piston shall fit accurately in the 
box, to prevent the ingress of air from below, or in other 
words, to limit the combustion to that part of the fire which 
is visible from the room. If, however, it ia required that the 
fire shall give out heat during the night, a small opening ia 
made at the bottom of the coal-box for the admission of air, 
BO that the combustion may be somewhat quickened. This 
opening also admits of enlargement for the purpose of remov- 
ing the coal dual aud ashes before lighuug Ui« &te. 
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I am not able from perHODal exiierienoe to speak of tbe sncoes 
of this grate.* IIh Bucceas as a amoke consumer muat depend « 
the proper action of the piaton and ratchet b 
of one or two casea where the piston has become fised by; 
foreign body, such as a nail in the coal, and alao by tbe fusia 
of matters in tho cool : the ratehet-catch and bar may n 
and then get out of order, but the chief source of failure i 
thie grata is tbe impatience which servants display on having 
to raise the fire so as to feed it from below. With them, 1~ 
quickest and most natural method of feeding a fire is by dift 
charging upon it an avnlanche of coals from tbe si 
have known even the mistrees herself thus convert the smoke 
less fire-place into an eminently smoky one. Besides, it is no 
certain that tbe Bo-cailed " combuation of smoke " prodaoes i 
many advantages as the public suppose. It is true that til 
smoky atmosphere of London entails great labour and expeiu 
on its inhabitants in maintaining cleanliness. Dr. Arnutt stated 
that the coat of washing the clothes of its inhabitants i 
greater by 2-J million ponnds sterling a year than for the b: 
number of families resident in the country, to say nothing of th< 
injury of such articles as carpets and curtains, female appard 
books and paintings, decorations of walls and ceilings, anc 
even tbe stones and bricks of the honses themselves, frotl 
the same cause. Then again, the frequent washing of handi 
and face leads to an increased consumption of soap. Many 
flowering shruba and trees either cannot live or do notthrirt, 
in a London atmosphere. These and many similar chargM 
have been brought against the smoke of London, by whic)( 

* A scii^Dtific friend nritis of this Btove aa followa :— " It Is rather tnin 
■ome to manage, because I keep it gcnng night and day in ths wt 
time ; but I find tbe crimfurt of it to Im wvll worth the lioubls, aa the rftOl 
worm In the morning, and I have merely to work the pieton Dp tnu or tl 

rgs, and get into bed again; the Are then hurna up of itself. In tbe day I 
^ is dlowed to smoulder in the boi, and Ja^ worked upalittle at nj^l. 



and nhcn only juEt kept alight It has gone tor toity-clght 
Bcuttle-full, which ]a«t fills the box of the stnve. It 1b a great 
tor a person with delicate lungs. The chief trouble is in filling ^i 
the fire la alight. If, however, the fire is allowed to go out, and i> lit »gat 
each day or night, there Is not mDch tronhle with it; !□ fact leas than wj 
an ordinary Gre-place, if we reckoa tbe trouble of stirring and putting l_ 
coals at Interval during Che day. The keeping-aJighC-all-nlght-nltiloat; 
tmKAing property, 1* ffbat I bougnC it loi " 
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ll meant tbat portion of the fuel whieh has escaped conibuB' 
don, and is diacbarged from chimneya jn a minntely Uivided 
form, constituting the Boot or vieible smoke of a con] fire. 
Tbe combuation of smoke, in ita tmeet sense, can only get 
lid of this viaible portion of the producia of oorobnation, 
which is BO obvious as to offend the eye, and contaminate 
the honsea and their inhabitanla. We cannot, however, agree 
with those who imagine that by getting rid of the visible 
carbon, we should greatly improve the health of the metro- 
poliB. Smoke ia really a complicated product ; the coal which 
is bnrnt in an open fire resolves itself into carbonic acid and 
water far greater in weight than tbe weight of the fuel origi- 
nally bnrnt, together nith email quantities of ammonia and 
BQlphuroue acid, Hakes of pitchy bituminous matter, Boot, dust, 
and aahea. Some injury is no doubt caused by inhaling the 
soot ; fant by passing tbe smoke through tbe fire or setting 
ia operation some amoke-conauming apparatus, we convert 
tlie visible into an invisible smoke, cleaner, it is tme, but 
SGBTcely more wholesome than tbe murky cloud which hanga 
over our city. We increase the quantity of carbonic acid, and 
donot get rid of the eulpharcompounds ; and it ia these latter 
which are so inimical to vegetable life, and prevent the growth 
of that minute vegetation on the surfaces of stone buildings 
wfiicb, while clotbing them in picturesque tints, protects them 
from tbe disintegrating effects of the weather. The sniphurona 
acid haa also a directly corrosive action on the atone itself, 
on vegetation, furniture, and most objects that it comes in 
contact with. 

But Dr. Arnott'a fire-plaee has other merits in addition to 
dial of consuming its own smolte. Under ordinary ciroum- 
etances, the smoke of an open fire consists, not only of the pura 
products of combustion, but of the air of the room, which eon-- 
■tan tly stream a into the open space above the fire, mingles 
with the smoke, dilutes it. and sets in motion the nnmeroiia 
chink draughts which render tbe open fire-place object ion able. 
Now, tbe qnantify of pure amoke given off by a Arc is com- 
paratively small, consisting as it does of the air wiiich actually 
paaaes through the fire to maintain the combustion, and tbe 
eOBBeqoent combiaatioa of the oxygen oi satV lit -^rOii ■fioa 
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carboD, byiUogen, &c., of the fuel. The air which etreaiq 
into the cliiniDey from the Toom above the tire is a wae 
expenditnre of the heat of the tire. To prevent thiB, 
Arnott places over the fire a cover or hood of metal, y a 
(Fi^. 33), or, which he prefers, the space ovei the f 
Bimilarly contracted by bricfcwork. The effect of thie i 
according to htm, a saving of from one-third to one-half f 
the fuel required to maintain the desired temperature, 
narrow part of the hood or brick channel is furnished with* 
throttle valve or damper, (, to regulate the current of air 
passes into the chimney. This valve should not be opene| 
more than enough to let the transparent smoke pass throng! 
The size of the front opening of the fire-place admits of belitj 
contracted by means of a movable plate or blower, o 
BO as to be able to raise the fire into activity in a few minata 
By the aliove arrangements, chink draughts from doora a: 
windows are diminished, and they may be stopped altogetha 
by making a special provision for the supply of air to th 
Tbis is done by means of the channel, k I, under the fl«H 
leading direi^tly from the external atmosphere to the hearth 
The air coming in contact with the hut fender becoia 
tempered before it spreads into the room, while the pro 
ducts of respiration and of the combustion of lamps a 
candles are gut rid of by means of the balanced valve, i 
which can be shut or left free to open by regulating the Bcri 

A skilful combination of the air-tube and calidocts 
Ganger's fire-place has been made by Mr, Francia LIo) 
and described by him in the pamphlet mentioned below: 
On considering the structure of an ordinary register stove, ' 
occurred to him, that a considerable portion of the holloi 
space behind it migbt be turned tu useful account, by buI 
stituting for the mere shell of cast-iron one hortzoutal an 
two upright tubes or caliducta, and by connecting them wit 

• This vslve will be more partiouUrly described turthor on. II [b b happ 
adHptatiun of Ur. Franklin's euggeeiion as applied to tha Pemujl'n''-"'''^ 
Si«-pUue, page H8, anti. 

t " PrsotlcBl Ri'tnBrkB on the Warming, VentiUlion, unci Humidity i 
RooiUH." London, 1854. — Mr. Lloyd baa abio publiabed ^^A Deauription < 
/jwwumlZ/oIJuH'BricksaDdfiilckwtitk.iatuadudwEaciUtaU Cba VenlUattn 
asoeat.'' ifecemter, 16S6. 
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me beneath the hearth-pUte, to form a continuoiis tube round 
the fire, for the purpose of warming the air which pnaseii 
lliron^h it. The air thus warmed was next to be admitted 
to the rooTO in such a way tliat the inflowing current should 
But incoiamode the occupants. The upper part of (he mantel 
■cemed well adapted to this purpose, and supposing the upper 
horizontal tube to have an opening or slitextending along the 
top, and the stove being set snfficiendy forward to place this 
[ -rfil beyond the line of the chimney -breant, the upper mantel, 
nd mantel-shelf, confd be formed eo as to conticue the paa- 
Mge-way from this tube, and thus the warm air would be 
discharged upwards into the room at about i feet above 
level of the floor. The plan was adopted with buccbbb in 
Mr. Lloyd's house in town, and a second, and still more snc- 
ceBsfiil, experiment was tried at his country residence. 

" The dining-room of a honae, a few milea from town, was 
rendered acnrcely habitable ia consequence of the chimney 
smoking. The room {which was about 16 feet square and 8 
feet high) was on the ground-floor, with no baaement-story 
beneath. It was a few inches below ihe level of the garden ia 
(rant, and had a provision for the circulation of air beneath the 
floor. The house was old, with doors and windows fitting but 
indifferently. The atove was of modern make; but the fire 
invariably burnt dull, and the room was scarcely ever well 
warmed. Astheroomwaa required for daily use by the family, 
alterations to the old atove would have caused inconvenience; 
K new register stove, of the ordinary dining-room kind, waa 
therefore selected, with a view of trying how such an one coidd 
bd Bitedwith air-tubea, Theji/an of the new' stove is shown 
bt Fig. 34. To the cheeks and the back of the face, a a. of the 
Btove, were riveted two strips of ehoet-iron, bent in the form 



Fig. 34. Fig, 35. Fig. 36. 

shown in Fig. 35. The ptau then appeared as in Pig. 36. Two 
aide chambers or tubes, t b, being thus oht8.\TieOi,\\vft\iB.Ofi. lA 
the npper face of the etnve was fittest v.'U\\ a letta.u^'oIiM \J^ft 
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also of eboet-iron, wLich was coDDectod with the two Bt^H 
tubes, making uninterrupted cummunication between thei^| 
The old etnve waa Bet very far back in the chimney eha^| 
and was fitted with a large marble mantel, the diBp1aceme|^| 
or altering of which was on many accounU objectionable; ^H 
was tberefore determined, in this instance, to admit the I^H 
into the room immediately under the mantelpiece, and aft^^J 
wsrda to adopt means for preventing any inconvenient nii^| 
of air in a horizontal line into the room. The areft of tU 
eection of each of the side tubes exceeded 18 inches, whill ■ 
that of the horizontal tnbe waa about if) inches. The nidftJ 
of the face of the etove was 3 feet ; and to furniab the meailfl 
&r the admission of the air into the room, an opening of^^| 
inch in width was left at the top of the horizontal tube, in ^^t 
vertical face, extending ita whole length. A h earth -plate ^H 
cast-iron was then provided with openings corresponding I^H 
the horizontal section of the side tubes ae shown in the plawB 
The bearth-plate was then set with a chamber benea^H 
extending in the middle aa far back ae the line of tbe fronl^ 
firebars. From this chamber a zinc tnbe, fi inches sqaitTa, ] 
waa carried under the marble hearth beneath the flooi^ J 
through the front wall into the garden, where it was cftrriedj] 
up to the height of II inches, and was furnished with n 
cap having sides of finely perforated ziuc. A passage w^B 
of 3G inches area waa thus obtained beneath, around, sogH 
above the frfmt part of the stove, while there was ft corre^ 
sponding ingress for the air from the garden, and egress Ironi'l 
the upper part of the stove into the room. The stove waeHt'J 
in the ordinary manner; and within twenty -four hours of tli» 1 
removal of the old stove, a fire was lighted in the new one, 
and the room was in occupation. It waa at once evident that 
the tendency to smoke was remedied, and the fire burnt freely 
and cheerfully. As it waa felt to be an important point to 
introduce the air into the room in such a direction that ita 
entrance should not be perceptible, the air-opening was 
furnished with a. metal plate bent in such a form as would 
direct the air-stream towards the ceihng, and alao admit of 
the supply being diminished, or stopped entirely, as might bo 
fannd deairable. The complete ftud agieeable change in tha 
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durscter of the air of the room was at once apparent to every 
tBe ; and instead of the room being barely habitahle in cold 
(teather, it waa found to be the most comfortable in the bonae. 
rhia stove waa lixed at the latter end of December, 1850, and 
baa been in use ever since, without the slightest difficulty 
of management, and with entire Batisfactioa to the inmates of 
the house. During the firet winter careful obecrvations were 
made on its action, and the results are in many respect* 
Kmarkable. Within an hour after the fire is lighted, the air 
Baaing from the air-paesages is found to be raised to a com- 
fortable temperature ; and it soon attains a heal of 80°, at 
which it can be maintained during the day with n moderate 
&te. The highest temperature that has been attained has 
leen 96°, whilst the lowest on cold days, with only a sraall 
ftre, haa been 70°, The result of twenty observations gave 
the following temperatures: — On twooccnsions the tempera- 
tare was 95° ; the fire was large, and the door of the room waa 
laft open, so that the draught througii the air-tubes waa 
Aminished ; on five occasiona the temperature was below 80", 
kveraging 75°, the remaining thirteen gave an average of 80°. 
The mean temperature of the room at the level of respiration 
mi 61°, while the uniformity waa bo perfect that thermo- 
ffleters hanging on the three nides of the room rarely exhibited 
a greater difference than 1°, althoagh two of the aides were 
extern^ walls. As might be expected, there was no eenaible 
draught from the door and window. On observing the 
relative temperatures of the inflowing and general air of the 
nmtn, it appeared that there must ba a regular current from 
the ceiling down to the lower part of the room, and thence to 
tha fire. The inflowing current being of a temperature nearly 
■f^trosimating to that of the body, waa not easily detected by 
the band ; but on being tried by the flame of a candle it was 
sbeerved to be very rapid, and to piiraue a course nearly 
porpendicnlar towards the top of the room, widening as it 
Mcended. It was also noticed that the odour of dinner was 
imperceptible in a remarkably short time after the meal was 
Concluded. In order to trace the course of the air with some 
I osactilude, various expedients were made use of. It waa tclt 
|i,ftmktter of great interest to ascertain if possible tha 
o 3 
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direction of air respired by the lungs. The amolce of a cigar, ^H 
diHcharged from the month, has probably a temperature aixi^H 
the same ae respired air, higher rather than lower, and '<'^H 
therefore assumed to he a satisfactory indicator. On ita bei^^| 
repeatedly triod, it was observed that the emoke did notaac^^l 
tfl any great height in the room, but tended to form itaelf iaflB 
a filmy cloud at about 3 feet above the floor, at which leTetl^f 
maintained itself steadily, while it was gently wafted along twl 
roDin to the fire-place. In order to get an abundant aupldyn| 
visible smoke of a moderate temperature, a fumigator cbargiqB 
with cut brown paper was used. By this means a denial 
volume of smoke was obtained in a few seconds ; and it Cd^| 
ducted itaelf as ia the last -mentioned experiment. On d^H 
charging smoke into the inflowiag air-current, it was diffiu^H 
BO rapidly that its course could not be traced, bat in a ah^^l 
time no smoke was observable in the room. Another expenH 
luentwaa made with a small balloon, charged with carburettsu 
hydrogen gas, and balanced to the specific gravity of the lib 
On setting it at liberty near the air-opening, it waa bamli 
rapidly to the ceiling, near which it Soated to one of the aAst 
of the room, according to the part of the current in which^ 
was set free; it then invariably descended slowly, and nuidik 
i(a way with a gentle motion towards the fire. The air hal 
always felt fresh and agreeable, however many continnoM 
houra the room may have been occupied, or however numeroitl 
the occupants. It is difficult to estimate the velocity of thC 
inflowing current ; but if it be assumed to be 10 feet pa 
second, there would pass through the air-tube^ in 12 miniiteA 
as much air aa will equal the contents of the room. And 
it appears that the air so admitted passes from the room In A] 
contiuaous horizontal stream, carrying with it up the chimDi 
the rarefied air, the exhalations from the persons present, 
vitiated air from the lamps or candles, and all vapoi 
from the table, it is by no means Burprising that the i 
always be refreshing and healthful. Since this stove has 
fixed, others have elsewhere been fitted up on 
principle, and have been found to exhibit similar satiefactoi 
results." 
The tabular atove is ehown iu vertical and horisoatal 
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D tX Figs. 37 and 38, ii 
I nndncting the e:(ternal s 
"e of the heartb-plate, 
I jhte, 6, communicating 
I fcrm, which conductthei 
\ smtal tube, d. Tliis tube 



fchich a is a flue 6 X !l inchea, for 
from the outer wall to ttic under 
; c c are openinge in the hearCh- 
'ith two upright tuhea of siuiijar 
■ entering at o upwardM to the hori- 
fitted to the two npright luhefl, and 
Im an opening extending along its whole length. If the width 
of the Btove be 3 feet, this opening ehould be Ij inch wide. 
The Btove should be set If inch forward from the chinmey- 
tnaat; / ia the upper mautel, utanding forward from the 
chimney -breast, e, 1^ inch ; £r ia the inftntel-ahelf, with a por- 
tion of the back next the chimney -breast cut away, in order 
to continue the air-pBe»age ; A ie a thin 
slab of marble, 1^ inch deep, built into 
the chimney -breast, and extending to the 
width of the mantel ; it eervee aa a sup- 
port for n chimney -glass, aalalso to divert 
the current of air from floninfr directly 
up the chimney -breast, i la a atrip of 
metal or marble, which serves to gnide 







Fig. 37. Section. Lloyd's Tabnlnr Firo-pUoe. 

the wr-stream upwards. By moving V to A, the supply of 
wr may be regulated ; or t may be fixed, and a thin strip of 
mela] fixed on centres at the extremities be placed between 
i and h. so aa to act like a throllle-valve. The opening 
iMtween t and /( need not be more than 1 inch. 

Mr. Lloyd lias also shown how hollow bricks may be em- 
{doyed. so as to afford cheap, simple, and efTcclua! means of 
ventilation, well adapted to the hnmEiler claes of dwellings. 
Fig. 30 is a brick of ordinary dimenaiona, containing two 
perforations, each about 2 inchea square ; Fig. 40 is a similar 
brick with pieces of the sides cut away; and Fig. 41 ia an 
MFTtageaeut of ibeae briclts, in wliicli fee iii\,lBi,^^fts,"CMi». 
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air-channels intended for the back of the fire-place and cli 

ney-ahat't. Theae air-flues may be carried to any heiglit, 

to the right or left, as required, 90 that the heat at the 

of the fire-place and of the chimney may be dietribnted 




Fig. 40. 



Kg. 41. 



every room in the houae, and maintain a comfortable t 
perature at the expense of only one fire. The hoUow bi 
ahaft being warmed by contact, will retain its heat for a o 
siderahle time, and warm the air in the air-fluea. 

Among the various contrivancea for warming priv 
dwelhngs, the prejudices in favour of the open fire have b 
respected. Pierce's Pi/ro-pnewniatic Stove-gratet retain t 
open fire: fresh air ia introduced from the oatside by mea 
of earthen pipes, and passing into calidiicta, enters the iw 
at an elevated temperature. The dietinguiBbing feature 
the invention is, that the heating surfaces are formed of fir 
loam, HO that the air is not burnt by contact with iron. 
Johsou's Stove-grate the open fire is surrounded by a circnli 
parabolic reflector, which reflects the rays of light and befl 
into the room in parallel lines. The reflector turns upon 1 
hinge at the side, and can be brought out like a door for d 
purpose of cleaning the grate or lighting the fire. Thera 
a concealed ash-pan, which requirea to be- emptied only 
a week. As the parabolic casting surrounds the grate, tba 
is little or no passage for the air into the chimney, ex 
through or close over the fire ; but the reflector can be n 
to act as a ventilator by drawing it out an inch or two, ao i 
to allow the air to flow in around it. Griffin's Coltager't & 
Mppeara to ie jiidicioneiy arranged ior i.\ie -p^if^oMa is\ -wi 



ind ventilating. Fig. 42 ia an 
Tig. 43 a vertical eectitin. It baa : 
draw-sheif at the bottou 
■helf at the top, whicli fornis a blovvtii 
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eiternal elevation, and 
n open fire-place in the 
of the grate ; a drop- 




tig. 42. CcitWger'a Stove. Fig. 43. Section. 

{date for an ironing stove ; an opening at the top for the 
HCBpe of warm air ; two ovena, or one oven and one hot 
doaet ; also a damper, a sweep~door, and a boiler. In the 
flange of the oven and closet are side doors for sweeping 
when required. The oven ia equally heated all ronnd by 
means of a flue, and when cooking is over, a fire of wet email 
oobI, cinders, and ashes will last for several honre. Air ia 
supplied from without by means of a pipe, which feeds the 
faot-air chambers at the hack and side of the fire-place, and it 
Moapes by an opening at the top. Even in the application of 
gas aa a aonrce of in-door warmth, attemplH have been made 
to imitate the open fire. In Mr. Goddai'd'a Gas-afore, the 
tides fold down so as to form a box of moderate dimensions, 
Capable of being carried from room to room. When required 
ise, the sides are opened, and a flattened coil bnmer ia 
■applied with gas by means of a flexible tube. When not 
btended to shut np, the fire-chamber is coated internally with 
porcelain, witbin which a tabular burner ia set at an angle of 
46". A quantity of asbestos shavings being spread ovm ita 
haroer, the effect is something like that oi o. CQimii.w'a %t«- 
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In Ward's gaa-atove the jets burn within a frame of thin sheet; 
iron, which ia fitted into an ordinary fire-place, after I 
manner of a fire-board. 

In concluding this long chapter, we may remark that I 
open fire-place is eo intimately connected with an Eaglie 
man's ideas of domestic comfort, that it 
pected, while coak are plentiful, that i 
method of warming our roo 
it is, therefore, the duty of b 

fire-place as comfortable as it certainly is wholesome ; 
if a better method of supplying air to the fire than 
present chance arrangement were adopted; if calidnots v 
led round the fire, bo as to discharge warm air into distas 
parts of the room, and even over the hotiae ; if the varioq 
parts of the fire-place were of the proper ehape and dimeii 
aiona — there aeeraa to be no good reason agaiast retainiDj 
our cherished open fire, and converting it from a troubleaoiQ 
uncertain, smolty, and expensive companion, into a Bouree c 
healtli, plea 



CHAPTER n. 

OK THE METHODS OP WARMINC. BUILDINQS B? HEAHB OF OLOS 



Obb of the most intelligent advocates* in the cause of tl 
OLOSB-STOVB venut the open pirb-plaob, has preferred a ver; 
aerious bill of indictment agninst the defendant. It conaisi 
of no leBH than eleven counts, of which the following is a Bun 
mary. I. Waste of/uel. Of the whole heat produced froi 
the fuel used, about seven-eighths ascend the chimney, am 
are wasted. The losa of heat is first, more than. hnJf, ■ 
is in the smoke as it iesuea from the burning mass. Secondly, 
that carried off by the current of the warmed air of the roois^ 
which is constantly entering the chimney between the 1 
and the mantelpiece, and mixing with tUo amoke. Thia i 
estimated at nearly two-eighths. Thirdly, the soot, or Tiaiblt 

» Dr. Arnott " Wuraiina »nd VsntilaHou, with Ditwjtionfl for n 
tAe Tlierniometer Stove, &e." Lundoa, 16'iS. 
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iwt of the smoke, ia uaburced fiiel, and if n 
As bent prodnced be in the smoke, and nearly a fonrth of it 
in the warm air from the room which escnpee with the b 
ud if about an eighth of the combustible pass awa 
htrnsd, there ia a loea of at least aeven-eighths of the whole, 
Connt Rnmford eatiroated the losa at fourteen-fifteenthB, 
These estimates must of course he supposed to refer to the 
n flre-place with square jambs. H. Unegual heating a 
i^ermt dutances from the fire. As the inteusity of radiau 
it is only one-fonrth as great at a dotible distance, and so or 
fit effect being ioversely as the square of the distance, the walls 
of the room are scarcely heated, and therefore reflect no beat 
to persons ronnd the fire. There is usually one circular line 
iroand the fire in which persons must sit to he comfortable ; 
ind within this line tlioy are too hot, and beyond it too cold. 
m. Cold draughts from doors and windows. IV. Cold fool 
hath. The fresh entering air, being colder than the general 
mass already in the room, occnpies the bottom of the apart- 
ment, and forms a dangerous cold-air hath for the feet of the 
inmstee, so that they must keep their feet raised out of it by 
fbot-atools, or wear warmer clothing. We see how ansioua 
eats are to get out of this cold air-bath by occupying the seats 
I of chairs, &c., instead of the carpet. V. Bad ventilatioa. 
The heated respired air ascends to the ceiling, and getting 
oool, descends, and is breathed over again ; or, if the fire be 
not sufficiently supplied with air from the door and windows, 
it will come from other quarters, and bring in foul air from 
drains, Ac, VI. SmoJae and dust. VII. Loss of time in 
fighting the tires in the morning, and again during the day if 
neglected and allowed to go out. VIII. Sanger to property. 
In London alone there are, on an average, about 100 fires per 
month. IX Dungerlo the person. Children get burnt, and the 
IB of ladies, especially in these days of crinoline, often taka 
fire by a sudden draught from the door, or coming too near 
the fire. X. Eo'pense of attendance. It ia contended that 
wrvanta have mure work to do in houses with open fires, 
han where stoves are kept, XI. HccessUi/ of nceeping. 

This ia certainly a formidable indictment; but alter the 
details given in the last chapter, it is not necessary to enter 



upon any further defence. There is no donbt that, upon mma 
of the connta, the defGndant miiBt be found guilty ; but it w31 
be Been, in the preaeut chapter, that the plaintiff does not coma 
into court with clean hands, for there are mauy objet 
the close etovo, from which the open grate ia entirely free. 
These will he stated as we proeeed. 

The close stove ia used chiefly in thoae eoontriea where fd<| 
is scarce. One of the simpleat forms is the Ihihk stove, show 
in Fig. 44. The fuel restB on the bu 
of a grate, near the bottom, andthftii 
enters below the grate. The fad i 
introduced by a door above the gratt 
which door is closed while the atove i 
in action, and as this is the only o] 
ing in the atove above the fuel, nt 
can reach the chimney, except ftil 
which has passed through the fire, thl 
aaviug the waste of warm air, wbio" 
in open fires, passes between the fi 
Fig. 44. The Dutch Stove, ^^d the mantelpiece. The heatii 
effect of this stove is due to the whole surface of the stove a 
its flue, which receive the direct heat of combuation, aa w 
as much of the heat of the products of combustion, as tb 
escape into the chimney ; and if the flue be made aufficientl 
long, 80 as to expose a large surface in the room, nearly th 
whole of the heat may be applied to use vrithout draughta, c 
amoke, or dust. Theae are the good qualities of the Dutd 
Btove; now for ita had ones. The heated iron surface I 
upon the air in contact with it, so as to impair its purity a 
fitneas for respiration. " The air," says Dr. Arnott, " acqni 
a burnt and otlen Bulphnrous amell, in part, no douht, becaiu 
diist, which it often carries, is burned, and in part becauV 
there ia a peculiar action of the iron upou the air. It b« 
comes very dry, too, like that of an African simoom, shrive 
ling everything which it touches ; and it acquires probablv 
some new electrical properties. These changes combine 
make it so QfTcnaive. that Englishmen, unacciietomed to i 
cannot bear it. In this country, many forma have been pro 
paged, some of them gracefully designed, with tranapareot 
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tib doors, and other attracttoDs ; and they have been tried in 
mame, pablic offices, paesagee, halls, &c., but have been after- 
wpfda very generally abandoned. Peraona breathing the air 
belled by them are often affected by headacbea, giddineas, 
flqpur, loea of appetite, ophtbalinia, &c. A north-east wind, 
which diatresBeB many people, bringing asthmae, croups, &e,, 
ud which withers vegetation, is peculiar chiefly in being 
dry." Tbifi atove is much uaed by laundreBsea and others for 
drying, and in this application of it, the Doctor admits, it is 
good and economical. The ornamental varieties of it are aim 
fmiahed with vasea and other receptacles for water, which, 
-evaporation, greatly mitigates the evils complained of; 
luat be admitted that the Hat of objections brought 
Dutch stove forms as formidable a bill of inUict- 
that preferred against the open fire. Another abjec- 
WiUet noticed in the above quotation, ariaes from the over- 
wting of the 6ae. It has often been known to get red'bot, 
id has thus led to serious conflagrations. 
Tke American atove is a square close iron box, with a vessel 
of water upon it, to give moisture to the air. It has a plate 
projecttDg nnder the door, n (Fig. |.,^ 

46) ; the wood fuel is burned 
within it at a, and the flame passes 
dong by B, to the chimney, o, 
around an inner box, which is the 
of the family, open- 
by a door in the aide of the 
stove. The fuel ia introduced by 
a luge door at d, in which tber 
a amaller door, which, aa well 
as the larger, is usually kept shut, because a siifBcient supply 
of air enters by the joinings around ; but in cold weather the 
lall door ia opened to increase the combustion. The stove 
la iron legs, about a foot in length. 

In Kassia, Prussia, and the North of Europe generally, 
tlie stove ia a very important article of domestic furniture, in 
which the largest possible amount of beating effect is obtained 
from the smallest possible quantity of fuel. In the constmo- 
tUm of these stoves the following points ate ke^t is. vwti \ — 
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To maintain in the fire-place the hi^h temperatare neoe 
for the perfect combustion of the fuel, hy anrrounding it wit 
ench sahstances aa are bad conductors of heat, such as lira 
atone or hricka ; to have the means of regulating the quanti^ 
of air adtnilted to the fuel, by Talves in the doors which eib 
cloBe the ash-pit and fire-chamber, and by accurate fitting a 
the doors and vaivea themselves. Thirdly, to bring all t" 
gaseous products of combustion, as they escape from the fud 
into contact with the largest possible area of slowly conduek 
in^ surface, so as to maintain it at an equal temperature ; 
lastly, to make the smoke enter the chimney with the small 
velocity, or lowest temj^rature, that is practically oonaiat 
with the first condition. In no case should this temperatan 
exceed 150°, not shonid the metallic surface ever be 
higher than 100°, uor the stream of air issuing from it i 
70°. In every case the combustion is regulated by limiting 
tiie supply of air, and if the heating surface be smalt, tbefiri 
is reduced so as to produce no more heat than can I 
off by the radiation and conduction of such heating surface. 
The method in which these conditions are complied witl 
will be understood hy referring to Fig. iG, which representa i 
general form of stove. It may be modified according i 
circumstances of ntility or taste, but the principle is the asm 
in all. u I K I, is a quadrangular box of any size, in thi 
directions m i i. k ; but the inside width, from front to badq 
pretty constant; 
less than 10 inches, and seldoiN 
extending to 20 inches. The whoii 
included space is divided by a n 
ber of partitions. The lowest cham 
ber, B, serves for the fuel, which i 
placed on the bottom of the atovi 
without any grate. The fire-plaC 
has a door, o, turning on hinges, aw 
in this door is a smnJl wicket, P. Th« 
roof of thefire-place extends to withii 
a very few inches of the further endj 
Fig. 46. The Gennan Stove, having a narrow pasaage, b, Ibr th« 
£ame. The next partition, d, is tboMt B inahea higher, aiu 
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nacbeaalmoBtto the other end, leaving a narrow passage lor 

&e Same at n. The partitions, efg c, are repeated above 

A the distance of 8 inches, leaving passages, h f a o, at the 

ttds alternately disposed, the last communicating with the 

vmt in the n flue. This communication is regulated by an 

iron plate, or damper, n l, which can be slid across it by 

moving a rod, which paBsea out through the aide. If the fuel 

be wood, as is generally the cane, and the vent opens into-tha 

nom, this passage is closed by a sort of pan, or bowl of 

euthenware, which is inverted over it, with its brim buried 

in Band, contained in a groove formed all round the hole. 

Tie whole atove is set on low pillarB. so that its bottom may 

be a few inches from the floor of the room. It is usually 

placed in a corner of the apartment, which is bo disposed 

that the chimneys can be joined in stacks, as with us. In 

lighting the stove, straw or wood shavings are first horat on 

the hearth at its farther end, in order to warm the air in 

the stove and determine a current. The fuel ie then laid on 

the hearth close by the door, and piled up and kindled, and 

lie current, being already directed to the vent, there ia 

no danger of smoke getting out into the room. The door, 

e, is then closed, and the wicket, p, opened, and the air 

SDpplied by this means being directed to the middle or 

boctom of the fuel, it ia quickly kindled, and is soon burning 

well. 

Now it will be seen, by this construction, that the flame and 
heated producta of combustion are retained as long as possible 
within the body of the stove, and their heat diffnsed over 
a very extended surface, which is still further increased by 
making the stove narrower from front to back in its upper 
pert, A certain breadth is necessary below, that there may be 
room for iho bulky wood fuel ; but if this breadth were pre- 
■ervod all the way np, much heat would be lost, because the 
heat, communicated to the partitions of the stove, acts with 
little or no useful effect, so that, by diminishing their breadth, 
the proportion of heating surface is increased. The whole 
hndy of the stove may, as Professor Robison remarks, be con* 
ddered as a long pipe folded up, and its effect would be the 
)t posaibJe, if il really were so, that Is, 11 e^ft\\ ■^M'a'usm 
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were split into two, and a free passage allowed between then 
for the «ir of the room. 

In order tbat the heated surface may be as exteDsive >i 
poasihle, the stove is not bnilt into the wall, nor iQ contao 
with it, or with the flour. By being thus detached, both th« 
back and bottom of the stove are sources of heat to the 
the room, and the bottom, which ia the hottest part, e 
bntee at least half the heating effect, t^ometitnes, however, tl 
Btove forms a part of the wall between two rooms, and servei 
to heat both. It ia alao common to have the door of the 
in the passage on the outside of the room, so that an attendant 
can manage it withont incommoding the occnpants. 

The author of " A Residence on the Shores of the Baltic 
1841," refers to these atoves in the following i 
" Within these great houses, not a breath of cold is expM 
rienced. The rooms are heated by stoves, frequently om* 
mental rather than otherwise; being built in tower-lilM 
shapes, story over story, of pure white porcelain, in varioni 
gracefai architectural mouldings ; sometimes surniouDted witfe 
classic figures of great beauty, and opening with hraaa dooni 
kept as bright as if they were of gold. In houses of less dia* 
play, these stoves are merely a projection in the wall, coloured 
and corniced in the same style aa the apartment. In i ' 
joining rooms they are generally placed back to bach, so tha| 
the same fire suffices for both. These are heated bnt o 
in the twenty-four hours by an old Caliban, whose busiDesa 
during the winter it is to do little else. Each stove will hoh( 
a heavy armful of billet, which blazes, snaps, and cracks n 
merrily ; and when the ashes have been carefully turned and 
raked with what is termed an ofen gohd, or stove fork, b> 
that no nnhurnt morsel remains, the chimney aperture i 
closed over the glowing embers, the brass doors firmly sbniv 
and in about six hours after this, the stove is at the hottes 
indeed, it never coola." 

The usefiil effect of this stove depends very much on 
taining in the room the air already heated by it. A amdi 
open fire in the same room will actually diminish the heat^ 
ing effect of the stove, and even draw the warm air from 
adjoimng apartnieDta. In the housea of English merchants at 
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St. Peterfibnrg, open firea axe Hometimea iatroduced into rooma 
with stoves; and the coaaequenoe is, that it is found neeesBary 
ta light the alovea twice a day, and yet the hoiiHea are cooler 
tiiia thoae of the RuMiana, who light them only once. To 
oar notions, however, a cool in-door atmosphere is preferable 
to a nauaeoua atagaant one, such as the Rusaiaiia and Germans 
ue Bccuatomed to breathe tbroughont the winter ; and even 
in aummer they are very averse to an open window. The 
temperature of the winter apariments ia kept nearly always 
»t 66'', and aa every part of the room is equally warm, the 
iimaCes have no occasion to crowd round the stove as we 
iloround the fire. " But I can testify," eaya Dr. Buxton, " that 
in German rooma there ia a cloaeneaa of feeling to a person 
Monatomed to free air, which is unpleasant, if not unwhole- 
wme — no change of air, the windows dosed as tight as can 
b«, and the door fita as exacCiy as the carpenter can make it. 
The atove is air-tight with regard to the room, and there is 
tiothing to occasion acnrrent like an English open fire. The 
apartmenta of the sick almost invariably smell diaagreeably. 
I do not, however, recollect seeing a single ventilator in 
Germany; but I have repeatedly seen double windows." Aa 
veadlation can only be procured at the expense of heat, the 
people prefer relaining the foul ajr to ejipending an extra por- 
tion of fuel. In the houses of the poorer cksaes in Rnssia, 
wbere the windows are single, and a number of persona oeenpy 
a small atove-heated room, a thick icy crust forms on the 
inude of the windowa during frosty weather, arising from the 
condeneation of the breath, perspiration, and Che aqueous furaes 
of caudles, and of the stove, &C. When a thaw cornea on, 
thia icy crust is converted into water, and a deleterious prin- 
ciple is disengaged, which produces efl'ccts similar to those 
sriung from the fumes of charcoal. Persona so affected are 
immediately carried into the open air, and placed on the snow 
tritli very little clothing; the temples and the region of the 
■tomach are well rubbed with snow, and cold water is poured 
down their throats, and the friction ia continued until the 
livid hue of the skin disappears, and the natural colour ia 
restored- The Chineae are wiser in this respect than the 
SoBusnB, for, aithoagh their rooma may in wiiiUt \)Q a& V^ 



mid BB crowded, they have two ojieiiinga at the top of e 
window, which are never allowed to be closed, and tkrougl 
these ventilation is carried on. 

The stove last described belongs rather to that variet 
called the Swedish etove, than to the Russian, or GerTnan, 
the BuEsian or German stove, the smoke, after rising from thi 
fuel, recedes into the flue, and becomes cooled by contact with< 
the walls of the circulating chambers, and the heat ia by thil 
means retained in the apartment, which would otherwise havi 
escaped combined with the vapour. In the Bwedish stov^ 
the circumvolutions of the smoke are exposed to a vivid heat 
80 that every particle of aoot undergoes a second combnatioi 
in the circulating clianuela. Some of the Swedish stoves haT< 
from fonr to nine channels for the circulation of the smoke 
some are contrived to receive one or more boilers, and other 
to act as ovens ; and they all greatly economise the fuel, foi 
according to Morveau, tbe qnanuty of wood which ia t 
Bumed in twenty-three days in an open fire, with leas efl 
will last sixty-three days in a stove. 

In erecting the ponderous German stoves it ia neceflsoryto 
arrange the various pieces of clay, or porcelain, so that i 
part should crack or give way, and thus admit the smoke ' 
carbonic acid vapour into the room. When the parts are pi 
together with cement, or held by iron cramps, a leakag^ 
commonly occurs at the joinings, where the different pieces of 
clay are differently heated, and, perhaps, were of a different 
baking when made; hence, by expanding unequally, aoA 
working on each other, one of them must give way, Bnl^ 
instead of making the joints close and nsing any cement, tha 
best method is to make each upper piece stand in a groovo 
formed in the piece below it, and then to sprinkle a littM 
powdered chalk or clay over it, which will effectually prevent 
tbe passage of any air, aud, at the same time, allow space {at. 
any expansion or contraction at the joint. 

Some valuable experimenta by Mr, Bull are quoted by Mr. 
Bernan, to show the effect of ascending and descending fluei 
in the Russian and Swedish stoves, and of elbows or beoda in 
the flue of tbe common Dutch stove. From these experi' 
BieBtB, >t appears that the same length of pipe is much inort 
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efficiciooB in imparting lieat to a room when it has olbowa 

thfiu when it is straight ; tLat a descending current may be 

MDewbat more eflicacioue than an ascending one, but ia about 

quil with a borizontal one ; a horizontal pipe, with the same 

number of elbows, ia mor« eflicacioiis in imparting heat, than 

mhen placed vertioally for an asceniiing and deacending cnr- 

t. The cause of the increased effect is Buppoaed to ariee 

n the eiiape of the pipe forcing the heated air to make 

ilirupt tuniH, in doiug which it impinges against the elbowa 

Wlh snfScient force to invert its internal arrangement, by 

»hioh a new atratum of hot air from the interior of the current 

is brought more frequently in contact with the aidea of the 

pipe and particularly with the lower half of the horieonlal 

pipe, which, from varioua cauaes, gives out very little heat to 

tlie room without the aid of elbow joints. £ut the advantage 

pUQed by increasing the length of pipe and number of joints 

a limit very far abort of that which is found to be necessary 

10 impart all, or the greatest part, of the heat generated to the 

air of the room. Only five parts of boat in 100 were lost by 

oaiDglS^ feet of pipe, conaiatingof nine elbow joints; whereas, 

^htsdditionaj elbow jointe, and 16^ feet additional of atraight 

pipe, in all 28^ feet of pipe, were required to save these five 

ports, and prevent their flow ng nto the ch mnev B\ d m 

nishingthediameterofthcp pe the heat 

ing effect is increased, partly from the 

retardation of the current and partly 

from the small pipe expos ng a greater 

surface to the air with the aa ne quant ty 

of smoke than a pipe of larger d ameter 

:celient atove with a descend 

ing current was constructed bj Dr 

Franklin for his own us" F g 4 

Mpresenta a vertical section, in which 

a: ia an opening in the cover, furnished 

with a hinge; o is a fire-chamber, in 

wLich the grating ia fixed ; 6 a space 

containing a second grating ; c the ash-pit, with a drawer to 

jive the ashes ; d e horizontal fluea at each aide of the ash- 

, ooniiaanicating with vertical flaea "«\i\c\i Xa'ai, NsSa fea 







flluiniiey. The vase and flaesare contaiaedin a niche formed 
by doaing np the fire-place, and there is no commiinieation 
iMtween the room and the flue, except through the opeQin^, 
as, in the lid. The fire Bhonld be first lighted at a tim« 
wbea there ie nsually a draught up the chimney, aa already 
explfuned (page 108) ; hut the direction of the- draught had' 
better be ascertained by holding a flame over the air-tidfl 
at the top of the vase. If the florae be drawn strongly 
down, the fire may be lighted by first putting in s little char* 
ooal on the grate at a; then lay some email atieka on the i 
coal and some paper ou the Bticks ; set light to the paper, anS 
Bhnt down the lid ; the air will paaa down through the air-hot^ 
and blowing the flame of the paper through the eticke, ktndU 
them, and they, in their turn, wii! kindle the charcoal. Thi 
flame and hot vapour descending through the grating at a 
passes into the chamber, h, and through the second grating ii 
its bottom into the ash-pit, e. The hot current wiU then hi 
divided — one portion turning to the left, and passing into tlM 
horizontal channels, d e, and entering the vertical flue, wQl 
be conducted into the chimney ; the other portion will maka 
a similar circuit on the left in the channels, d c, and entering 
another flue, will in like manner pass into the chimney. The 
surfaces of the vase and air-box, and the part of the borizantal 
channels exposed to the room, are heated by these circurovo- 
Intions of the vaponr, and the air warmed by contact with 
them, spreads into the room. The larger pieces of coal that 
fall tlirougli the grating ou the vaae, are caught by the second 
grating, 6, and the ashes fall through it into the ash-pit bos, c. 
The success of this contrivance depends of course upon 
maintaining an npward steady draught in the chimney flae, 
BO that the ash-pit drawer and a door in the chamber, b, to 
withdraw the cinders, must be made air-tight. In order 
to determine an upward current on lighting the fire, a small 
door may be mode in the eide of the flue, and a piece of 
lighted paper inserted. 

Jlr, Beaumont's stove also oets by a downward cnrrent. 
It is represented in aeetion, in Fig. 4S. The foundation, a, ia 
of bricks, two courses high, and 25 inches square, with » 
vaaantfpace 6j iucliea wide, for tte aaU-HoVe, b. \i50B.0a* 
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foundation are laid two pktee of cast-iron, e, each 9 inches 
wide, 25 inches long, and an inch thick. The plate which 
covers the aab-pit draws out, and in doiug so turns the ashea 
uto the ash-pit. On these iron plates is erected a drum, with 
■n aperture, x, for the siooke flue. This aperture, when lined 
with fire-bricks, is 6 inches wide, and 4J inches high. The 
dnim is also lined with fire-bricks, set on edge, and is covered 
irith a circular plate of cast-iron, 
J n, with a downward lip round 
■he edge, to receive the upper 
«dge of the drum. In the middle 
rfthe cover, n, is a hole, 7 inches 
in diameter, for the admission of 
fdel, and this is covered with a 
Kd, moving on a pivot to regulate 
the admission of the air. An 
opening of an inch is usually 
lufficient for that purpose. A 
ihort rim projects liom the lid, 
whereby it is converted into a shallow vessel for holding 
water, the evaporation of which keeps the air sufficiently 
moist. The fire is lighted by first throwing in a few coals, 
then some sticks and paper, and, lastly, some cinders or coke, 
with a litOe cool immediately over ^e wood, taking care to 
make Ihe fuel slope away from the smoke flue. The aper- 
ture at the top is then nearly closed, and the fire is lighted. 
The smoke first tends to rise towards the aperture, but the 
heat Boon determines a downward current, which sets into the 
amoke aperture, and carrving with it the gaseous prodneta 
of combustion into the flue,/, the fire soon begins to burn 
brightly. At night the aperture is closed, and the fire goes 
oat. All the fuel is cousumed, the downward draught pro- 
ducing complete combustion; there is no soot, and nothing 
of the fuel remains but a red ash. The management of this 
Move is quite easy ; all that is required being to push in the 
slide over the ash-pit before the fire is ligbteci, to let the fire 
tnm brightly before much fuel is put on, and to keep the 
■moke vent, x, from being choked up, by overloading It with 
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Mr. Bennmont aays, that although this etove thorongUy 
warmed the air of the office, yet the clerka conatantly com 
plained of cold feet. To remedy thia, a flue was formed unde 
the paved floor, the paviog-atonea forming the roof of it 
The fJue, which was a foot square, entered one side of th^ 
ofBce, continued along that aide, across the top, and down ths 
other side, where it entered an upright flue in the party wall. 
The pavement thus heated after the Chineae fashion (page 71) 
made the ofBce very comfortable. With a mere handful oi 
fire, the warmth was eo conaiderahlo, that the diffiunlty v 
to keep it low enough, without putting out the fire. An ofE 
and principal etaircase were thua kept warm at an annu^ 
expense of 30s, or about 3rf. a day for the cold eeason ; whereat 
a similar degree of heat from another apparatus cost £18 ■: 
year. "Persons coming in from the open air have i 
plained of our keeping large tirea, and when they have been 
shown that the fire was a small one, burning without fierca- 
ness, and which might be contained in the crown of « 
they have denied their belief to the fact ; and insisted that 
the warmih which they felt tniist have been procured from 
Bome other source. It really does appear like magic, but tha 
case proves the fact of one part only of the heat from tha 
previous apparatua going to the place to be heated, and that 
eleven parts went up the chimney, and were wasted at tha- 

The stove shown in section, in Fig, 49, is an improvement 
on the Dutch stove, already noticed (page 130). The fi«- 
chamher, a, 8 inches on each side, is enclosed by four fire- 
tiles, cc, I inch thick, placed in a cast-iron case, ^thsof an inch 
thick, with a iedge to support the grate. This ledge projecta 
3J inches downwards into the ash-pit, and terminates in four 
short standards, or feet, placed on the sole of the stove, 
space, X, of 4J inches, is left between thia iron casing and 
the inner casing of the stove. Five inches above the upper 
edge of the tiles of the fire-box, a fire-tile, e, IJ inch thick, 
and ISj- inches square, is fised on brackets, ao as to leave a 
space, r, about 1^ inch all round, between it and the ii 
surface of the casing, for the bot vapour from the fuel to 
tifiwards. A plots of iron, oi a tile, n, ia &s.ed abuMt 8 iaoUet 



above the lile, e, leaving also a space, r, about IJ inch, between 
ita edge aud the caHiug. The roof of the etove, about 8 
inchee above the plate, terminates in the smoke-pipe, d ; the 
fire-«loor and its valve are ahown at 6, and the ash-pit door 
and air -valve at s, the upper edge 
of this valve being ^ an inch 
above the under edge of the iron 
casing of the Einoke -chamber. 
The stove is enclosed in a plate- 
iroQ casing, so as tn leave a space, 
, of li inch round it. This 
cssuig is open at the bottom, m m, 
■nd at the tup, p p, and has two 
fiUeta projecting about ^ an inch 
from its surface ; no valve of any 
kttid is attached to this outward 
caung, and the air circulates 
freely through the space, o, that 
it encloses. Al! the parts are 
aocarately fitted, and no air enters 
the stove, except through the 
valves at s and b. In the speci- 
men described by Mr. Eernan, Fig. 49. Improved Datch stovs, 
" the heating surface was 20^- 

aqnare feet, and the depth of coke tn the fire-chamber was 
generally about 5 inches ; and this was found STifhcient for a 
room containing nearly 5,600 cubic feet of space. When 
there is tire, the hot vapour from the fuel being prevented 
ftvm rising in a stream upwards by the tile, e, spreads along 
its nnder surface and ascends all round the edge of the tile, 
through the narrow apace, r, which brings the smoke into 
contact with a large surface of the iron casing, and this con- 
tact is prolonged until it reaches the roof, hy flowing through 
the narrow space between the tipper tile and the casing ; the 
whole surface of the stove thus kept in c6ntactwith the smoke, 
is equally heated, and the air which rises freely in the space, 
o, being brought rapidly in contact with this hot surface, ii 
genially warmed and emitted &tp into the room," 
A oambinafioD of the stove and the gta.\fi, t'ivi^^'oi^''^'* 
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heating effect of the Btove with the cheerful appearance and 
Teiitilating properties of the open iire, is known under tbfl 
name of the i/ove-gra/e, or Chapelle ; the latter name beii^ 
derived from its resemblanue to the chapek or oratories of thft 
great chiircheg. Professor Robiuon describes it aa the moat 
perfect method of warming an apartment. Its construction 
is as follows : — In the great cliimney -piece b set a smaller oa^ 
of a size no larger than is sufKcient for holding the fuel. Th^ 
sides and back are of cast-iron, and are kept at a small distance 
from the sides and back of the main chimney-piece, and coa-'' 
tinned down to the hearth, so that the ash-pit is also separate. 
The pipe or chimney of the atove-grate is carried np behinl 
the ornaments of the mantel-piece, until it rises above iha 
mantel-piece of the main chimney-piece, and ia fitted with ■ 
register, or damper plate, turning round a transverse axia. 
The best form of this register is that of an ordiaary tire-ploce, 
with its axis or joint close at the front, so that when open o 
turned up, the burnt air and smoke, strikiug it obliquely, at 
directed with certainty into the vent without any risk (' 
reverberating and coming out into the room. All the rest of 
the vent is shut up by iron plates or brickwork out of sight.. 
The fuel being in immediate contact with the back andl 
sides of the grate, raises them to a great heat, and they heat 
the air contiguous to them. This heated air cannot get up the 
Tent, because the passages above these spaces are shut up. It 
tlierefore comes out into the room ; some of it goes into th« 
real fire-place, and is carried up the vent, and the rest rieei 
to the ceiling, and ia diffused over the room. The heuttng- 
effect of this stove-grate ia remarkable. ' 
of the fuel consumed in an ordinary tire-place is sufGcient, and 
this, with the same cheerful blazing hearth, and the salutary 
renewal of the air. Indeed, it often requires attention to keep 
the room cooL The heat communicated to those parts of I 
the apparatus which are in contact with the fuel ii 
lesaly great, so that it has been found an improvement to Itna i 
this part with thick plates of cast-iron, or with tiles of fire- 
clay. These, being bad conductors, moderate the heat com- 
municated to the air. If the heat be still found too great, 
it may be Itrougbt under perfect u&nagemQnt. by o^eaiag . 
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in the vent for tha spaces on each BJJe, ho tliat the 
[Gated by the sidee of the stove-grate may ascend directly 
fato the 0ue, iuBtead of eacaping into the room. These 
puaages may be closed by valves, or trap-doors, moved by 
toda concealed behind the ornamenta of the fire-pkce. 

The Btove-grate is under complete control as to tempera- 
ture. A cheerful fire may be ensured within five minutes, 
nmply by hanging a plate of iron in front bo as to reach 
down aa low as the grate ; and when the fire ig, by its means, 
Uoirn np, the plate may be taken down and sent out of the 
iwnn, or set up behind the grate out of sight. If, on the 
other hand, the room be found inconveniently warm, the 
temperature may be cooled down within a quarter of an hour, 
ij opening the side pansages to any extent for the escape of 
Iha hot air. In thia arrangement the ash-pit is enclosed, 
becanse the light ashes, not finding a ready pausage up the 
obimoey, are apt to escape into the room with the heated air. 

Few contrivanocH for warming apartments have excited 
more attention and discusBion of late yeara than Dr. Arnott's 
stove, The principle of this invention consists in aUuwing 
j.tha fuel to hnrn very slowly, the admission of air for cora- 

[bnation being regulated by a peculiar contrivance. There are 
nrioDs forms and modifications of this stove, but the principle 
is tiae Bame in all. The stove consists of a square or cylin- 
drical box of iron, Uned with flre-elay, with a grating near 
btiie bottom for the fuel, or the fuel may be contained in a 
MnaU fire-box within the Btove. Botnetimes the fuel is burned 
within a hollow cylinder of fire-clay, and then the stove is not 
lined with that material. There is an ash-pit below for the 
■ehee, and the products of combustion are carried off by a 
vent. The chief feature of thia stove ia, the contrivance by 
which the air is admitted to the fuel. When the stove door 
or aak-pit door is open, the combustion is vivid ; but when 
,tiieaa tkre perfectly tight, as they ought to be, then the air ia 
.-admitted by a regulator. 

The form first tried ia shown in Fig. 50, in which al c d 
represent a box of sheet iron divided by the partition, j A, 
,inlo two chambera communicating freely at the top and 
is the fire-box formed of iron, lined with fire-brick, 



Iwman! e u the 



144 


THE ABNOTT STOVE. 


and reBting on 


a cloee ash-pit with a door at h, near which ji 


B valved opening, by whiuli air enters to feed tlie fire wbaj 


^ 






. the door ia shut ; t is the do 




r 




of the atove by which fuel is ii 




n^ 


cj 1 troduced; c ia the chimney fln 




^( 


' When the aah-pit door and til 






stove-door are shut, the qaantii 






of air admitted by the vahf 


i' 




opening ill the aflh-pit ia ori 




/Mgt^ 


1 


just sufficient to aupport goO 




#^ 


1 


hiiatiou, and only a Buiall ooiw 




f !;^& 1 




spending quantity of sir iM 


' 


^^ i 


i 


pass away by the chimney. Ti 


M^ 


filled with hot air, or amoke fra 


ir^ 


-hi 



F!g. 6 









the 



rendering it everywhere of. a 
nniform temperature oa if it were fill! of hot water. ~ 
circulation takea place, becaiise the air in the front chambj 
around the fire-box, and which receives aa a mixture 1 
red-hot air iasuing from, the fire, ia hotter, and, therefoiil 
apecifically lighter, than the air in the posterior chamber 
receives no direct heat, but ia alwaya losing heat from ita aides 
and back ; and thus, as long as the fire is burning, there must 
be circulation. The whole masa of air ia, in fact, e 
revolve, as marked by the arrows, with great rapidity. The 
quantity of new air rising from within the fuel, and the like 
quantity escaping by the fine, c, are very small, compared with 
the revolving mass. The methods of regnlating the supply 
of air will be noticed presently. 

With this stove. Dr. Araott, during the severe winter of 
1830-7, was ahle to maintain in his lihrnry a uniform tem- 
perature of from 60° to 6a°. The quantity of coal used 
(Welsh atone coal) wna, for several of the colder months, 
G lbs. a day — less than a pennyworth — a smaller expense than 
that of the wood uaed in lighting an ordinary fire, The grate 
or fire-box, fully charged, held a supply for twenty-six hours. 

Another common form of 'this stove is shown in Fig. 61 ; 
A s c B IB the outer casing ; a "Caa tiie-Viox. qiw 'N\i\a'[i\B 
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carry off the products of combuB- 
tion ; A is the stove iloor ; and 
g the regulator by which air is 
admitted. Varions forma of re- 
gulatora are deacribed, a eped- 
nien of wiiich is ehown in Fig. 
52. A B C ia a glaga tube Bhut at 
A, containing air from a to b, and 
mercury in the bend helow b o ; 
on the mercury at c ie a float, 
frona which proceeds an upright 
rod, D, kept steady by passing 
through a support at H. From 
this upright wire descends ano- 
ther, F a H, terminated by tbs 
pi lite valve, f 



1 



tove. When 

B air in the shut limb of the regu- 

A is espaniied, and forces up the 
at o, raising the rods and plate 
end thus bringing it near to or 

it with the mouth of the tube, by 



cans more or leea air is admitted to 
e, according to the temperature 
If the combustion is proceeding 
y, then the air in the tube, a, is not 
[landedgConsequentlyairis allowed 
the Btove more freely ; but when, 
) this, the combustion becomes 
id the temperature too high, then 
evation of the plate valve, less air 
id the temperature is moderated, 
re simple form of regulator ia 
1 Fig. 53 ; n & c is a bent tube 
^riere it contains air, and opeTi Fv6&^.?ie«i^*Wn- 

i. 
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Fig. 63. / 



L 



at c, where it is cup-sliaped. The bent part at b ia occiip 
by mercury ; i'rom c prooeeda a beDt tube for aupplying 
to the atoYe. When the mtercal heat ia great, the air 
a is expanded and 
the mercury up ia 
thus bringing it in 
with the mouth, prevei 
the entrance of air to t 

This etoveiaUable tot 
objectionalreadyslated.yi 
that the air of the rOO 
though eufBcienlly heUi 
is nevertheless etagnant 
pound of coaLreqoireafthi 
150 cubic feet of air 
combustion ; but as a p 
lion of the air escapee 
out being cliemically acted on, 200 cubic feet may be ailow) 
Now, if a room warmed by Arnott's stove he 15 feet loi 
12 feet wide, and 11 feet high, its cubic contents i 
1,980 feet; and if 6 lbs. of coal per day be burnt, ei 
pound requiring about 200 cubic feet, only 1,200 cubic te 
will be used for the combustion. This quantity mnat pi 
through the stove, and be carried oft' by the vent, bo that 
the course of twenty -four houra, the atmosphere of the apa 
inent is not once completely changed or renewed by t 
action of the fire. Hence it is chat the apartment is bo eas 
warmed, and hence, also, its unpleasant effect. 

Another eerioua objection to this stove arises from that 
which is generally considered as its chief merit ; namely, the 
alow combustion of the fuel, whereby carbonic oxide ie gene- 
rated, and, from the email draught of the chimney, ia liable (o 
escape into the room. This gas is poiaonouB, and ita escape 
has been ascertained by Dr. Ure, by attaching to the ash-pit 
of one of these stoves a glass vessel containing a solution uf 
Buhacetate of lead, which being speedily acted on by the car- 
honic oxiOe, was formed into the insoluble carbonate of lead. 
It IS aJao atated that carburetted VydTogen 



Joyce's charcoal stove. H? 

(armed in these itovee, which, by mingliag nith the air, hu 
&niied an explosive mixtare, and thus led to aceidenta. 

A good ap|)lication of Dr. Arnott'a clute ttoce, for the 
pnrpoae of warmiDg and ventilating, has been made by Mr, 
Ofaarles Cowper. In the Ixiuk kitchen of his house, which 
)■ but little used, he placed an Aruott'a atove, and partially 
endoeed it in a cose of elieet-iron, eo as to furni a kind of 
tir-jacket, opening into which waa a eiuc pipe 5 inches in 
diameter, the other end p assi a g' through the wall into the open 
nr. By thiB contrivance all the air entering at the pipe waa 
Outde to spread itself over the exterior of the stove, and thas 
become gently warmed. The effect of this arrangement has 
betn to make the house much more comfortable bb regards 
temperature, and to cure the chimneys of their tendency to 
imoke. 

Joyce's stove for burning charcoal is liable to all the objeo- 
tioDS arising from the use of this fuel in an apartment. The 
oharcual is prepared for this stove by reburning common 
dtmrcokl in a close oven, and quenching it while hot in an 
" Aline solution. This is said to deprive it of its usual pungent 

ell iu burning, but, if ao, it renders it all the more dangerooa, 

oe the carbonic acid may slowly accumtdate in an apartment 
—ft bed-chamber, for example — and produce fatal conae- 
BGCB. The eCove consists of a thin melal case, in the form 
id m small um or vase. A small pipe, 2 or 3 inches long, riaea 
throngh the bottom into the body of the stove, and terminates 
•bout ibbuceutre !n a conical fnunel closed at the top, and 
(netced ftdl of lioles. At the top of the stove is a valve, for the 
porpOBe of regulating the supply of air through the lower pipe, 
to maintain the combustion. A small portion of ignited char- 
euftl is placed in the etove, and the remaining space tilled up 
with charcoal not ignited ; and aa the anpply of air ia very 
ted, it will continue to give out best for many hours, 
Tbe whole of the charcoal is converted into carbonic acid, 
Vhich eeoapea from the valve at the top in prpportion to the 
qatntity of air which enters at the bottom. Thia stove has 
tothinif to recommend it ; for the charcoal fuel is not only 

Kut ejpenaive, From its amall size, and great 
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calorific power, this Btove excited considerable attention a 
the time nf its introduction ; and from the Btatementa n 
reepccting it, the public was led to espect tLat eome new 
of combnatiou had he^n discovered, or that the old law h 
been auspended in ita favour ; for it was gravely offinnod tl 
the whole of the prndiicts of comhustion were aheorbeil, 
otherwise prevented from escaping from the stove, i 
quence of the peculiar mode of preparing the fuel. 

We come now to nntice that variety of atove iu which t 
cockle is introduced. This contrivaDce is an in 
Mr. Strutt, of Derby, and consists in making the fire-chaml 
of ft cylindrical form, with a flat or dome-shaped head, & 
pipe leading from the upper part, to carry off the smoke into t 
chimney, Tbieiron fire-room, called the coti/e from its ah&] 
was then placed on a bed of masonry or brickwork, wiib 
grating and ash-pit beueai 
as shon-n in Fig. 54. A 
certam distance from ■ 
co..kIe, a, isamasBofbric 
n ork, b h, concentric with t 
cuikle and its dome top, 
Older to allow a current 
air from the passages belo 
or from the external t 
phere, to come ia immedii 
contact with the whole b 
tace of the iron chamber anC] 
pipe This air, being thai 
heated and rarefied, osceod' 

Fig. 54. The Cofikle Stuve , j ,1 t, j c .u .J 

^ tow ards the head of the sto^ 

and passes through one or more apertures, e, into the 
required to be warmed. The fuel is supplied at the door,J 
and pasees down a sloping dead plate to Ihe fire-bars at| 
The ash-pit and draught-hole for the fire are shown at d. 

In nrder to bring the air in contact with a greater exientB 
heated surface, another form is sometimes given to the cock! 
by contraoting ita diameter, and bending tlje iron pipe into • 
serpentine form, as shown in Fig, 55. The fire-chamber bl 
formed by placing the grating near the lower part of t' 
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conical pipe, a, ihe opening to which, for the admiBsion of tbe 
fuel, is at c. Another narrow upeuing is mode immediately 
nfroiit of Ihefire.harg, to allow the . 
shea to he cleared from the bottom 
of the fire. The brickwork, b, en ■ 
dosing the cockle, in ia the turm ot 
a pBTallelogram, and tbe heated a 
escapee through e, and is conducted 
by pipea to the rooina requirtd to be 
heated. The following ia the woi' 
effect or a cockle of this kmd but 
with only one bend in the pipe 
which entered the chimney l(\\ei 
down inBtead of proceeding upwards 
to d. The cockle itself was l^ feet 
wide, 6 feet high, and the aides f inch 
thick. The brick cueing was at the 
dietance of G inches from the metal, and the deecending vent 
within was 6 inches in diameter. The stove here described 
was used for warming a lecture-room 35 feet long, 27 broatl, 
and 20 high ; also a large apartment 30 feet loug, 27 broad, 
and IS high ; besides two smaller rooms and a staircaae. 
The fire was kindled dnring winter _at 7 a.m., and kept 
burning till 4 p.m., when it was allowed to go out. The 
average quantity of coals consumed was rather less tliai 
a hundredweight. The temperature of the air from the 
tubes varied from 120° to 180°, according to the slate of the 
fire. The temperature of the different apartments was kept 
at aboat 60''. When first erected, the supply of air for the 
hot chamber was brought from without; but afterwards the 
■ir for the fuel and for the hot chamber were both taken 
from the apartment containing the stove, which was generally 
at 70°. 

Mr. Strnlt's residence was at Eelper, and hence the eockle- 
etoves are often named, in honour of him, Belper itovei. Ia 
17!:)2, he warmed his large cotton factories by their means ; 
but the coekla-stove erected by Mr. Charles Sylvester, for 

uiniog the Derby Infirmary, was long tegwAeA b& «.m\'A.i\ 
' 'B'-*^a'S"e building. In euch astoNe'W'w ^v«.'ate*m^ 
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that the area be sufficic 
p«seage bein^ carried on 
external atmoBpiiei-e at b< 
building, in order to admit 
during autainer, aa well s 






at to allow of the Bobterran 
,, so as to communicate with, 
me cunveniunt distance from 
a current of cool air for vi 
B for the supply of tlie atove 
in winter. The stove eh 
reeled as near the area of the building bb 
venient, and be placed from G to 12 feet below the I 
in order to preserve uniformity as mnch as possible in 
distribution of the warm air. The cockle, a (Fig. fi6| 
cubical in form, with a dome or groined arch top; il 




Flu 56 The Belpn BtovB. 

3 feet in diameter, and i feet hiprh, and is mnda of iron p 
riveted together. The smofee pauses off by a nnrrow 
at the base of the cocWe throuch the fine,/. Thebricici 
enrroiinding the cockle is boWt ■wi* BUernate open! 
r the bricks, aa in Fig. 56. al d\jo-qi ft mc\ie», . 
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from the aides of the coekle. Through thpse apertiirss are 
hwrted pipes of sheet iron, or common porcelsin-ware, bo bs 
to extend within an inch of the cockle, by which means the 
UT to be heated may be thrown near, or in immediate con- 
tict, with the Burfaca of the cockle, if desirable. The hori- 
uotal partition, d d, cuts off the com muni cat! on between the 
lower and the upper portion of the air-chamber, the arched 
openinga in the lower half, c c, being the openings of the main 
■ir-floe leading from the exterior atmosphere. The hre-room 
and ash-pit sre shown at h b, and the fuel is introduced by 
flie opening & i. 

Et will be seen, from this arrangement, that the air passing 
from the lower flues, c e, through the apertures heueath the 
horizontal pnrtition, and coming in immediate contact with 
the surface of the cockle, must find its way into the upper air- 
chamber, e e, through the numeroua pipes or openings of tha 
npper division, by which circuit its velocity will be sufBciently 
retarded to obtain the necesBary elevation of temperature front 
the heated cockle. But that the air may not be burnt, it ii 
seceasary to regulate the size of the fire-cliamber, so as not to 
haat the cockle, on au average, more than 300°. The Derby 
Btove allows the passage of nearly 5 cubic feet of air per 
second, which is heated to ahont 130° at the instant it escapes 
from the npper air-chamber into the pipes leading to different 
parts of the buildinfif, These pipes are furnished with dampers 
lo regnlate the admission of warm air at pleasure. 

If ccire he taken to prevent the harning of the air, this 
method of beating a large building appears to be wholesome 
and economical. It would scarcely answer on a small scale, 
on account of the expense of erection ; nor could it he easily 
applied to a large huiMing, uuless constructed in the first 
tnelance, or during (he erection of the edifice. The air- 
passsgeB, being placed several feet below the surface of tha 
ground, afford a convenient mode of admitting a portion of 
ooM air to the interior of the building daring summer, by 
means of a revolving mouth-piece, or turn-cap, placed at the 
opening of the air-passage, so as to rflceive the current of wind 
at the oDter extremity of the passage, and tliua convey it to 
' roftbe building. 
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The vsrioiiB objections which have been ur^ed from time 
to time against this method of wanning buildings, by bringiug 
the air into contact with a surface of iron heated by fire, hoM 
led to other methods of heating the metallic surface. Thoa 
Mr. John Sylveeter, in his evidence before the House o 
Commons' Committee, in 1835, proposed this method o 
warming the New Houses of Parliament. An apparatus wa» 
to be erected beneath the bonse, or on the basement, ( 
filrncted of cast-iron, and exposing a very large surface for tha 
contact of the fresh air ; the arrangement of the surface being 
snch as to divide the supply of fresh air into a large mimbe^ 
of very small streams. The under part of the metal snrfaoes 
being heated by enclosing water, or steam, the air so divided 
would flow in contact with such warming surfaces, and thnB 
become heated to the temperature required. When thuK 
heated, it would be allowed to flow under the whole area of 
tha house, the floorofwliich, being perforated with aroultitndA 
of bolee, would thus admit it into the body of the house. (Se 
Part II., chap, iii.) 

This brings us to the next step in the art of warmtiij 
buildings ; namely, by Meam, for the details of whicb we r 
to the next chapter. 



CHAPTER III. 

OH THE WAEUIKO OF BL'ILDINGS BY UEANS Of STEAU 

The method of warming buildings by steam depends o 
rapid condensation of steam into water when admitted int( 
any vessel which ia not so hut as itself. At the moment of 
condensation, the latent heat of the steam ia given out to tfa»' 
veaael containing it, and this diffuses the heat into the sur- 
rounding space. 

The first practical application of this principle was mad< 
bj' James Watt, in the winter of 1784-5, \,bu fitted vd 
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^paratUB for warming his study. The room was 18 feet long, 
14 feet wide, and 8^ feet high. The apparatus i^otiBiated of a 
box, or heater, made of two side plates of tinned iron, ahont 
3} feet long by 2^ feet wide, eepnrated ahout an inch by stays, 
■nd jointed round the edges by tin plate. This heater was 
placed on ita edge, near the floor of the room. It was (ar- 
niubed with a cock to let oat the air, and was supplied with 
jll^m by a pipe from & boiler, entering at ita lower edge, and 
^^Htfs pipe the condensed water also returned to the boiler. 
^^^Heating effect of tbie apparatus was not eo great as was 
^^^pled, in consequence, perhaps, of the bright metallic snr- 
ifif&aB of the bos not being favourable to radiation. 

In 1791, Mr. Iloyle, of Halifax, took ont a patent for heat- 
ing by Rteam pipea, and his method eeems to have been the 
foondatiun for subsequent attempts. The ateam was at onca 
oonveyed from the boiler, by a pipe, to the highest elevalioo 
of tiie building required to be heated, and, from that point, by 
a gentle declivity, the condensed water flowed into the snpply 
citterD of the boiler. The effect of the pipea (nhich were of 
copper) waa too amall, and aa the apparatns was constantly 
.{[ettiog oat of order, it was pronounced a failure. 
^^^B 1793, Mr. Green took out a patent for a difl'erent method, 
^^■B consisted in enclosing a hollow vessel, or worm pipe, 
^^^Boiler containing hot water or Eteam. The air, on ita 
^^^pa the room to be warmed, was made to pass through 
fbia worm, and was thus heated to an agreeable temperature. 
By another method, pipes from a steam boiler were enclosed 
in other pipes, and, iu tlie interval between them, the air was 
heated on its passage to the room. This apparatus was 
erected in a mansion on Wimbledon Common. The eucaeed 
jnpe was fixed along the ceiling of the basement floor, with 
m inclination of 2 inches in 68 feet. The inner steani pips 
Was 3 inches in diameter, the outer pipe 9 inches, and both 
of copper. The lower end of the casing pipe was left open 
for the cold air to enter ; the other end woa Joined to a pipe 
4 inches in diameter, with three horizontal elbows, that rose 
about 12 inches, where it opened into the first suite of rooms 
that were to be heated. It was supposed that the air would 
ifirtw at one end iu great quantity, and fiovj out 'Cctaii^ &» 



1 pipe at the other ei 
, waa BO feehle tliat n 



into the rooms; the effect, how 
seful heatJDg was produced. 
About this time steam wag introdiicodiitto hot-housea, 
by circuJating in pipea, but by being discharged into 
body of the hot-house, the effect of which waa to raise i1 
temperature and moisten the air tq Huch a degree that th 
plants grew rapidly and luxuriantly. It ia also aaid to hw 
had the effect of destroying insects. 

In the winter of 1795-6, Mr. Boulton erected & steat 
heating apparatus iu the library of Lis friend. Dr. Witherioj 
" which, in point of heating, answered perfectly ; but 1" 
pipes being made of copper, and soft soldered in some place) 
the smell of the solder was rather unpleasant to the Doctoi 
who wuB then in an infirm state of health wilh diseased lanf 
The apparatus was, iu consequence, removed to Soho, whet 
Mr, Boultou proposed erecting it in hia own house, in 
he was making alterations about this time, and had it ii 
to heat every room in the house by aleam. A boiler w 
up for that purpose in one of the cellars, but some circom 
stance occurred to prevent his continuing the plan. Tl 
subject, however, underwent frequent discussion, and ll 
different modes of effecting it were amply conaidered I 
MesarB. Boulton and Watt, as was known to many of thai 
„ .„ „ friends, no secret having been madi 

either of calculations of surface, or I 
^«^ the modes of applying them."* 

About the end of the year 1795 
Mr. Lee, of Manchester, under i~ 
direction of Boulton and Watt, t 
a heating apparatus of cast-iron pipe 
which served also as supports to thi 
floor. This answered perfectly, i 
was, in point of materials and constrac 
tion, the earliest of its kind. Mr. Ls« 
afterwards had his house h< 
Pig. 57. Early Form of steam, and the staircase, h 

teao ppara us. passagea, were warmed by the apparatni 
shown in Pig. 57. It was placed in the undergrouud story, 

' "Bachanan on the Economj o! Fn6\, tc." IBIO', 5aa«4v'QQo,Va\fi. 
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and confuted of a vertical ca^t-irou cylinder, a, siirroiirided 
by a eaaing of brickwork, leaving a space, e e, of 2^ inchea 
all ronnd, and having; opeoiagB, i, Lelow, to admit the air, 
Thia eaain J was eiirrnanded, at the diatance of 3 or 4 inches, 
by another wall, forming a sort of well, c. The colder and 
heavier air, falling to the bottom of this well, entered by the 
boles, 1, into the apace, e, where it cnme in contact with the 
cylinder, a, and, being heated, ascended. The entrance of tlis 
steam into the cylinder was regulated hy a valve, the air being 
allowed to escape by a stop-cock, while the eteam was entering ; 
the condenaed water eacapitig hy a pipe not shown in the 
figure. The transmission of the heated air was regnlated by 
a valve at a, on the top of the brickwork. This apparataa 
was 60 eSective, and heated the staircase to snch a degree, that 
after it had been in operation a ahort time it was necessary 
lo suspend its aiition by closing the valve at a, or hy closing 
the valve which admitted steata into the cylinder. 

The method of beating buildings by steam haa scarcely 
advanced muce the time when MeBsrs. Botilton and Watt 
sreoted their apparatus for the purpose, and Mr, Buchanan 
wrote a practical treatise on the subject. The hot-water 
apparatus bae, for the most part, euperseded the eteam appa- 
ratus, so that our details need not be very full. 

In establisbmentB where a steam-engine is in daily use. the 
eteam pipes luny be supplied from the engine boiler, its dimcn- 
rinne being enlarged at the rate of 1 cubic foot for every 
2,000 cubic feet of space to be heated to the temperature of 
70° or 60°. A boiler adapted to an engine of one-horse power 
ia sufficient for heating 60,000 cubic feet of space. Hence an 
apparatns specially erected for the purpose need not be of very 
brge aize, nor is the quantity of fuel conaumed great. If the 
fire under a small boiler be carefully managed, li lbs. of New- 
oaade coal will convert 1 cubic foot of water at 50° into 
1^00 cubic feet of steam at 216° ; and only 12 lbs. of coal 
are required to convert the same quantity of water info steam 
at 212°. The shape of the boiler, and the method of setting 
it,mnst also be considered, and the furnace must be arranged 
K as to admit no mure air than la required to support the 
ibiititico. The hot air must also be tepV \ti cti&\Ac,i. ^\*» 



the sides of the boiler QDtil as mach of the heat as possible be 
kbMrscted from it. la such an arrange men t, accotding tc 
Dr. Arnott, nearly half of ali the heat produced in the com- 
bustion is applied to nse. 

Id estimating the extent of anrface of steam pipe reqnire^^ 
to raise the rooms to the proper temperature, it is nece: 
to consider how the heat is expended. Thig is done in threv 
ways' — 1, Tbrongh the thin glass of the windows; 2, M" 
slowly through the walls, floors, and ceiling ; and 3, la ci 
bination with the air which escapes at the joinings of dw 
windows and doors, or tbrongh openings expressly made ba 
the purpose of ventilntion. The amount of beat lost in this 
way has been variously estimated by different writers, hot' 
Dr. Arnott states it thus :— That in a winter day, with tlw 
externnl temperature at K/' below freezing, to maintain in U' 
ordinary aparlraent the agreeable and heolihful temperaton 
of 60°, there must be of snrface of steam pipe, or other si 
vessel heated lo 200° (which is the average surface -tempera- 
ture of vessels filled with steam of 212"), about 1 foot sqnaiB 
for every G feet of single glass window of usual thickness ; i 
niuuh for every 120 feet of wall, roof, and ceiling, of ordinar] 
material and thickness ; and as much for every 6 cubic fesi 
of hot air escaping per minute as ventilation, and replac 
by cold air. A window, with the usual accuracy of ^ttiogi 
allows about 8 feet of air to pass by it in a minute, and ther 
shonld be for ventilation at least 3 feet of air per minute fU 
each person in the room. According lo this view, the ( 
tity of steam pipe or vessel needed, under the temperatUTB 
BUpjiosed, for a room 16 feet square by 12 feet high, witb 
two windows, each 7 feet by 3, and with ventilation, by 
them or otherwise, at the rate of 16 cubic feet per mimit 
would be — y^L 
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of plnM (renuiring 1 f oot fqr 8) 7 

rail Hoar sad ceiliog (reqniriag I fool lor ISO) U» 
□ute tor veDtilsCioB (loquiriag 1 foot tor 6) Sf 



Total of heating surface requited 20 

Which is 20 feet of pipe 4 inches in diameter, or any othi 
vessel having the same extent of surface — as a bos 2 feet 
ii^h, with square top and bottom of aboat 18 indiea. U 
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»ay be no^ced that nearly the flame quantity of heated Bur- 
faoe would aufEcefor a larger room, provided the quantity of 
window glass and of the ventilation were not greater ; for 
tile extent of wall, owing to iia alow conducting quality, pro- 
duces comparatively little effect. 

The same authority also supplies the following illiistra- - 
tions : — A heated surface, as of iron, glasa, &c,, at temppra- 
tnres likely to be met with in rooms, if exposed to colder 
air, gives oat heat with rapidity nearly proportioned to the 
«K!BM of itfl temperature above that of the air arotiiid it, lew 
than half the heat being given oat by radiation, and more than 
hilf by contact of the air. Thae, if the external surface of an 
Spoil pipe heated by aleam be 200", while the air of the room 
to be warmed by it is at G0°, showing an excess of temperature 
in the pipe of 140", such pipe will give out nearly seven times 
U much heat in a minute as when its temperature falls to 80°, 
because the exoesa is reduced to 20°, or one-aeventh of what it 
was. Supposing window glass to cool at the same rate as iron 
plate, 1 foot of the steam pipe would give out as much heat 
as would be dissipated from ihe room into the external air by 
about 5 feet of window, the outer aarface of which was 30° 
warmer than that air. But as glass both conducts and radiates 
heat about one-seventh slower than iron, the external surface 
of the glass of a window of a room heated to 60" would, in be 
atmosphere of 22°, he under 50", leaving an excess of less than 
30°; and about 6 feet of glass would be required to dissipate 
the heat given off by 1 foot of the sleam pipe. In double 
windows, whether of two sashea or of double panes, only half 
aa inch apart in the same sash, the losa of heat is only about 
one-fourth of what it is through a single window. It is aUo 
known that 1 foot of black or brown iron surface, the iron 
being of moderate thickneaa, with ] 40° excess of temperature, 
eools, in one second of time, 156 cubic inches of woter, ona 
degree. From this standard fact, and the law above given, 
a rough calculation may be made for any other combination 
of time, surface, excess, and quantity. And it is to be recol- 
lected that the quantity of heat which changes in any degree 
the temperature of a cubic foot of water, produces the same 
i^iaagB oa 2,8S0 cubic feet of atmoB'pWetvti aa. 
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The arfang'ement of the Bteam pipea has next to be col 
Mdered. A common method ia shown in Fig. 68, ia which 
is the pipe iram the boiler, riein^ 
the Tipper story. Frora tT 
pipe proceed horizontal branch* 
hb, to each floor. Eaofa brancli 
fnmiehed with a etop-cock at 
by wliich meaiiB fie steam can { 
led on or off nt pleaeure, in a 
of the three etoriea. The w«l 
Fig. 58. AiraneBment of Pipes, arising from the condenaation of tli 
ateam in each pipe, flows baclt into the boiler along 1 
ascending pipe. But if it be not convenient to place the boiU 
below the level of the lowest floor, the condensed ateam i 
received into a reaervoir, from which it ia pumped into H 
feeding cistern. At the estremitv of each horizontal brand 
c, is a stop-cock, which ia opened when the attitilD ia fiUiag 
t« allow the air to Wow ofl'. 

Another arrangement of the heating pipes is abown i 
. Fig. 69. Steam from the bofli 
enters by the connecting pipe, a 
into the heating pipe, J, placed n 
the floor, and thia ia carried, with 
gentle elope, to the opposite Bidet 
the room, whence it rises into tb 
next story, and returna along it 
floor to the opposite side, where i 
Fig. 69. Another Arrangement Haes to the third floor, and proccej 
aa before. Here, alao, the condensed water flows back i 
direction contrary to the current of the steam, and ia removw 
by a siphon at a. The air-vent is fixed at the highest pcHB 
Bf the arrangement, c. 

It is necessary to prevent the condensed water from MCtt 
miilating in the pipes, otherwise it wonid be impossible 
maintain them at a nniform temperature. Moreover, thit 
water condenses the ateam so rapidly that avacunm is formei 
within the boiler and pipea ; and should they not be fi 
enough to resist the external pressure of the atmosphere, tbs 
^i/er mny be crnshed in,and the w\io\eft^rt:e'[ttiMB.ii%5&. T 
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a apecial arraD^ement, the condensed n'ater is collected At 
Bsrtain parts of tbe Byatem, where ft continues to give oiii heot 
■ftsT the Bteam has ceased to flow luto the pipes. In eiich 
WKB stop-cocka may ba employed, so arranged as to allow the 
Ktter to bo afterwards withdrawn from the pipe*. The Bnine 
cockfl also eerve for letting the air out of the pipes when tbs 
m is first admitted ; but when the water ie returned into 
boiler, the advantage of this enpply of heat cannot be 
nserved; and in these cases a self-acting apptiratus is used 
fcr taking off the water of condenflation. Such a siphon in 
npreaented in Fig. 60. The pipes 
B so fixed that a is the lowest 
paint of a branch pipe, so that any 
quantity of water that may be formed 
in it will 6ow into the siphon, a b o, 
at A, and escape at o, where it may 
be reoeived into any vessel ; for.n 
water is pure distilled water, it may 
be iiaefiil for a variety of purposes. 
The water in the legs of the siphon 
•ctB as a trap to the steam in the 
pipe, a; hence, the length of the leg, 
A B, shonld not be less than is equiva- 
lent to the force of the steam in the 
pipes. When.foreianiple, the steam 
ia Worked at the rate of 10 lbs. per 
square inch, the column of water 
Aould not be less than iO feet, and 
9 with thia presirare there will be 
considerable osdliBtionsnnleBS a valve 
be placed at some intermediate point 
Itetween a and b, When the legs are both filled with water, 
and at rest, this valve should be open, so as to close whenever 
the water has a tendency to return into the pipe. The siphon 
•faonld be large enough to carry off all the water of conden- 
Mtion, but not loo large, or there would be a loss of heat in 
B leg, a a, from its being filled with steam, and. in all eaees, 
the siphon should ba protected from frost. In ootmection 
with tie siphon, it is usual to place a cocfe tot \e\,<\w% *ii «« 




Fig, 60. Siphon 
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OQt of the pipe, instead of the stop-cock above referred b 
Such a cock is ahown at e, and it ia made to range with tb 
lower part of the pipe, because the air being heavier tha 
eteain, will occopv only the lower portion nf it 

In cases where sufficient deptli cannot be afforded for 

Mphon, a Bteam trap or valve, made to open by a float bal 

18 emploied Tredgold' 

—J - arrangement is as follows'; 

^ B c (Fig fel) ia a aqof 

box attached to the end, 

of the steam pipe ; d 

a hollow copper cylindeTi 

tiv'-d lo a coni:al valve, I 

\A hen eteam la condensed 

the aquare box will fii 

V, ith water, which will flo| 

the hollow L\linder, an 

the water will escape ani 

nin h\ the pipe, f, infc 

thp drain \\ benever til 

quantity of water in th 

box 18 greater than i 

reqnired juat to float tb 

cylinder, and when then 

3 than will fliat it, the valve will he closed. Ia ihi 

caae also a stop-cock, e, will bo neceaaary to let out the aj 

while the pipes are being filled with eleara. 

The \arioU8 rnethoda of connecting the cast-iron pipea n 

by the flange joint, and the spigot and faucet, or socket Join! 

Mr. Buchanan givea minute directions for tbese, hut he eeem 

inclined to recommend the thimble joint. Care must, <i 

course, be taken in joining the pipes t 

^ ^j^^^g ^ ^^j allow room for expansion. This ia BomB 

^^^^^i^ timesdone in the thimble joint (Pig. 62), i 

'■ ^ -''[i = ^:j which the adjoining ends of the pipeg, ai 

are torned true on the outaide, and have 

thimble, or short cyUoder of wrought 

lo enclose them, leaving only a small space for the currenl 

A piece of till, c, or inner IhimHe, \a\iil.eTposft4,a.ii\ni»A» 
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fit well to tlie turned parts of the pipes, which, under the 
influence of heat or uold, work t'orwarde or backwards, like a 
piston in a cylinder. In a range of pipes 120 feet iu length, 
there was a raolion from expanaion of three-quarters of an 
inch ; but the usual allowance for the expansion of cast-iron 
pipes is one'Cighth of an inch in 10 feet, or ^^^ of their 
length. Cast-iron, heated from 32° to 212°, expands ^J^ of 
ha length, which ie nearly one and three-eighths of an inch 
in 100 feet. A similar expansion joint applied to the spigot 
and faucet connection (Fig, 63) answered very 
well. Lead cannot be substituted for tin or ^ 
iron cement in joints, for, by frequent heating, 
it bccome's permanently expanded, wiiile the 
iron pipes, always contracting in cooling, and 
tbe lead not participating in the contraction, 
Qte joints soon get loose. Count Riimfurd ii 
axpansion drnm, x (Fig. 64), of thin copper, 
extremities of two pipes, a i, which, in 
elongating, pressed the sides of the drum 
inwards, and in cooling drew them out- 
wards. The pipes should not be connected 
with any part of the building, but be quite I 
independent thereof. All the horizontal 
branches should be supported on rollers, 
ud nothing done to interfere with the 
exjuiteion of the different parts. 

In private dwellings, wiiere the appearance of the pipes is 
objectionable, they maybe couceaJed behind perforated mould- 
ingfl, or skirtings, or cornices; or the steam may be brought 
iBtoomamental vases dispersed about the room, each furnished 
with a small stop-cock, to allow the air to escape while the 
Bteam ia entering. 

The method of heating buildings by steam has been long 
.superseded by hot-water apparatus of various kinds, which, 
however, may be resolved into two distinct forms or modifi- 
cations, dependent on the tenipeiature of the water. In the 
firU form of apparatus the water is at or below the ordinary 
temperature of boiling. In this arrangement tt.e ^.v-^t ia 
act rise to any coDsfiie cable height abovft &e \ft\e\ c>\ Sftti 




Fig. 84. 



boiler, 80 that tlie apparatus need not be of extraonlinary 
strength. One pipe riBea from the top of the boiler, i 
traverses the places to be warmed, and returns to terminat* 
near the bottom of the boiler. Along this tube the heatei 
water circiilatea, giving out its heat, as it proceeds, Thi 
boiler may be open or cloeed. If open, the tube, when ono 
filled with water, acts ae a siphon, having an aaeending cur 
rent of hot water in the shorter leg, and a deaceniiing ciirren 
of cooled water in the longer leg. If the boiler be closed, ttu 
siphon action dieappeara, and the boiler with its tubes becomi 
as one vessel. In the second form of apparatus the water ■ 
heated to 3S0° and upwards, and is. therefore, conetantl] 
seeking to hurst out as eteam, with a force of TO lbs. and i^ 
wards on the square inch, and can only be confined by tot 
strong or high-pressure apparatus. The pipe ia of iron, abm 
an inch in diameter, made very thick. The length extend 
to 1,000 feet and upwards, and where much surface ia reqaJre 
for giving out heat the pipe is coiled up like a screw, i 
similar coil is nlso surrounded by the burning fuel, and S6rvei 
the place of a boiler. 

The heating of rooms by the circnlalion of hot water ii 
pipes seems to have occupied the attention of a few Bpeca< 
lative individuals long before the attempt waa actually midft 
The first sncceasfal trial is assigned to ;:)ir Martin Triewal^ 
a Swede, who resided for many yenra at Ne wean tie -on-Tyn* 
and about the year 1716, described a method for warming i 
greenhouse by hot water. The water was boiled outside thft 
building, and then conducted by a, pipe into a chamber undeis 
the plants. 

But the first successful attempt, on a large scale, was mad 
in France in 1777, by M, Bonnemain, in an apparatus fc 
hatching chickens, for the purpose of supplying the markt 
of Paris. A eection of tliia heating apparatus is shown is 
Fig. 65, in which a is the boiler, d a feed pipe, o a stop-coi^ 
for regulating the quantity of ascending hot water, b the pip( 
by which the hot water ascends from the boiler into the heat 
ing pipes, e c, which traverse the hatching chamber. Tttea 
heating pipes have a gradual slope towards the boiler, ti 
»-i/ei the water returns by fee ivipe, e, aatnai ^cmI^j b 
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the bottom. In this way thf 
l&ted through a long seriee 
wtnroed to the lowest part 
of the boiler, where it re- 
ceives a fresh amouot of heat, 
■nd being thus rendered 
lighter, risfiB up the pipe, 
6, and deecende the inclined 
]^a&eB of the pipes, losing a 
portion of ite heat ou the 
way, and at the same time 
incresBing in density 
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Arrangement. 



f the apparatns, but the 
ing it to its moat simple 



velocity of the current depending on (he difference between 
the temperature of the water in the boiler and that in the 
descending pipe. At the higheat point of the appnratua is a 
ppe, i, furnished with a stop-oock, for the escape of the air 
wiiich the cold water holds in solution on entering the boiler. 
The water that rises along with it is received into the vessel, ft. 
The arrangements of this apparatus are excellent ; they 
have been taken as a model in many subsequent methods, 
although the merits of the inventor have not always been 
Bckrowledged. The plan was introduced into this conntryin 
1816, by the Ufarquis de Chabannes, who was long regarded 
■e the inventor. About the year 1822, Mr. Bacon and Mr. 
Atkineon introdaced modifit 
latter gentleman succeeded i 
and prncticfll form. 

Whatever be the arrangement adopted for warming build- 
ings by this method, two considerations must be epecially 
attended to, namely, sufficient strength to bear the hydrostatic 
pressure ; and freedom of motion for currents of water of vary- 
ing temperatures, and consequently of varying densities. As 
finida transmit their pressure equally in every direction, & 
column of water, rising from a strong vessel to a certain 
height, mav be made to burst the vessel with enormous force. 
Thus, s tube whose sectional area is 1 inch, rising to the 
height of 3i4 feet from the bottom of a vessel of water, will, 
^ if the tube be also full of water, exert a bursting pressure on 
^^OQ' aqoare inch of the inner surface oS autVufessiil.' 
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atmosphere, or 15 lbs. If Ihe sectional area of the tnbebfl 
increased, the pressure remamH the same, becauee it is diBtri- 
bated over a larger surface of the vease!. ' If a boiler hi 3 
feet long, 2 feet wide, and 2 feet deep, with a pipe 28 ' 
high from (he top of the boiler, when the apparatus ie filled 
with water, there will be a pressure on the boiler of 66.B161ba., 
or very nearly 30 tons. This will ahow the necessity for 
great strength in the boiler, especially when it is considered 
that the effect of heat upon it ia to diminish the cohesive 
force of ita particles. But even supposing the apparaiue » 
to burst, no danger would arise, because water, unlike ateam, 
has but a very limited range of elasticity. The boiler juffl 
described would contain about 75 gollona of water, whiiA, 
Dnder a pressure of one atmosphere on the square inch, would 
be compressed about 1 cubic inch ; and if the apparatus « 
to buret, the expansion would only be 1 cubic inch, and tha 
only effect of bursting would be a cracking in aome part of 
the boiler, occasioning a leakage of the water. 

The circulation of the water is brought about by the 
principle of convection already explained (page '62 et »sj.y 
When heat is applied to a vessel containing water the prin- 
ciple of conduction altogether fails, for water is ao imper- 
fect a conductor of heat, that if the fire be applied at the top, 
the water may be made to tioil there without greatly affecting; 
the temperature below. But when the fire is applied below, 
the panicles in contact with the bottom of the boiler, being 
first affected by the heat, expand, and thus becoming specifi- 
cally lighter than the surrounding particles, ascend, 
other particles take their place, which, in like manner beoom- 
ing heated, ascend also ; and the process goes on in this nay 
until the whole contents of the boiler have received an acces- 
sion of temperature. If the process be continued long enoagh, ' 
the water will boil and pass off in steam ; if the boiler ba ■ 
closed in on all sides, so as to prevent the escape of steam, 
it must be of great strength or be provided with a valve 
to prevent an explosion. If a tube full of water tiM ' 
from the top of the boiler in a vertical line to any required ■ 
height, and then, by a series of gentle curvee, descend, and 
ejiter near the botloiu of the boiler, l\w ^ttmeaa o'i Vcaiia^ift ' 
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The parlicleB of water firat heated will I'iee, 

iud, in doing so, diatribate their heat to other particleB, which 
trill alao riae; these, in their turn, will lose a portion of their 
iieat to other purtides, which riue in their turn, until at length 
ID equilibriuui is eBtahlished. But as the suurce of heat ia 
pennanent,otiier particles are rapidly brought under its action, 
and, being heated, ascend, By continuing the proceaa a short 
time the particles in the vertical tube become heated, and, by 
their expansion, exert a pressure on the water contained in 
the lateral branches ; this, together with the increasing levity 
of the water in the boiler, eHtahliahes a current, and the water 
from Ihe branches begins to set in in the direction of the 
boiler; the water in the lowest branch, where it enters the 
boiler, supplying colder and heavier particles every moment, 
to take the place of the warmer and lighter particles which 
s being urged upwards along the vertical pipe. 
Now, to ascertain the force with which the water returns 
to the boiler, we mnat know the specific gravities of tlie two 
of water, the ascending and the descending, and the 
difference between them will he the effeclive presBnre, or 
power, Thia can he done by ascertaining the tem- 
perature of the water in the boiler, and in the descending 
pipe. When the difference amonnts to only a few degrees 
the difference in weight is very small, bnt qnite sufficient in 
B well arranged apparatus to maintain a constant circulation. 
For example, suppose an apparatus to be at work, in which 
the tem]>erature in the descending pipe is 170°, and the tem- 
perature of the water in the boiler, the height of which is 12 
inches, is 178". The difference in weight ia S'lG grains on 
encfa square inch of the section of the retnrn pipe. If the 
boiler, A (Fig. G6), be 2 feet ^ 
high, and the distance from 
the top of the upper pipe, c 
to the centre of the lower 
pipe, d, he 18 inches, and 
the pipe 4 inches in dia- ''«■ ^' 

meter, the difference of pressure on the retnrn pipe will be 
163 graiuB, or about one-third of an ounce weight, and this 
will be the amount of motive power q? X\ie a-^^OTM,\\&, ■^V'^*-- 
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ever be the length of pipe attached to it " If euch an ap] 
ratuahave 100 yarda of pipe, 4 iochea ia diametar, and I 
boiler coutain 30 gallons, there wiU be 190 gallons or 1,900 tba 
weight of water kept ia continual motion by a force equal tt 
only one-third of an ounce."* 

The amount of motive power increases wiiu the b 
pipe. The puwer being four tiinea aa great in a pipe gf i 
inches in diameter as in one of 2 inches, aa the former coni 
taitia four times aa much water as the latter ; bnt, a 
ance iucreRses equally witli the power, the actual workIii| 
effect ia the aama in pipea of all sizes. The motive power il 
increased by allowing the water to cool before it returns t 
the boiler, or by increasing the height of the asoendmg ft 
deacending columns of water. " By doubling the difference of 
temperature between the flow pipe and the return pipe, t' 
same increase of power is obtained as by doubling the verttci 
height; and by tripling the difference in temperatui 
same effect ia produced as by tripling the vertical height.'^ 
The difference in temperature may also be increased by ii 
creaaing the quantity of pipe, or by diminishing its diameter) 
BO as to expoae a larger amount of aurface, in piih 
portion lo the quantity of water contained in " 
ao as to allow it to part with more heat witb 
a given time. But the method which must b« 
principally depended on, when additional power i> 
required to overcome any uuuaual obstruction, i' 
to incrpase the height of the aacending column. 

Another method of estimating the veiooityof 
notion of the water of a hot-water apparatus i 
o regard the two portions of the system as thi 
lighter and heavier fluids in the two hmbaof i 
^ barometrical aeriometer. This instrument ia ait 
inverted siphon, Fig. 67, and its uae is t 
''B- °<- tain, in a rough way, the specific gravities of ini' 
miacible fluids. If mercury be poured into one limb, a, anii 

• Mr. Hood, in hia "Treatiae on Wanning BulIdingB by Hoi Water, *c," 
^t,.. ,. >nhi. .\^r.i.,\^.T ti|e cliifereiKB in weight of two ouluinoa ol water, e«di 
sniperalurea. The informuliou, togellier with th^voof 






irtriaes contained In the next len pases, is cbMv derived tram Hr. Hoodi 
i, a third edition at which yiu puliIUh«d \a 1^. 
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water into the other, b, and tlie atop-cock at c be tiirued, m 
tB to eBlablish a commuDication between them, it will b*> 
found that an inch of mercury, f d, in one limb will balance 
13^ inches of water, I a, in the other liiub; thus ahuwiug that 
the densities or p'lecific gravities of the two fliii<ls are aa 13^ 
to 1. If oii bc'iised instead of mercury, it will require 10 
inches of oil to balance 9 inches of water. Or if equal bulks 
aS oil and water be poured into the liml>a of the siphon, and 
e atup-cock be then turned, the oil will be forced upwards 
with a velocity equal to that which a solid body would acquire 
m ffllling by its own gravity througli a apace equal to tbe 
■dditional height which the lighter body would occupy in the 
Uphon, Now, as the relative weights of water and oil are as 

9 to 10, the oil in one limb will he forced upwards by the 
vater with a velocity equal to that which a falling body (in 
thia case, the water) wonid acqnire in falling through 1 inch 
<rf space, and this velocity is equal to ISS feet per minute. 

Id estimating the velocity of motion of the water in a hot- 
WAter apparatus the same rule will ajtply. " If the average 
temperature be 170°, the difference between the temperatnre 
of tbe ascending and descending columns 8°, and the height 

10 feet ; when airailat weights of water are placed in each 
column, the hottest will stand '331 of an inch higher than tbe 
other ; and this will give a velocity equal to 7i)'2 feet per 
tDinnte. If the height he B feet, the difference of temperature 
remaining as before, the velocity will be only fiS-2 feet per 
minute; but if the difference of temperature in this lust 
example had been double the amount stated — that is, had 
the difference of temperature been 16°, and the vertical height 
of the pipe 5 feet — tlien the velocity of motion would have 
been 79'2 feet per minute, the same aa in the first example, 
where the vertical height was 10 feet, and the difference of 
temperatnre 8°." 

But, in all these calculations, a considerable deduction most 
be made for the effects of friction. In the centre of the 
■soending pipe the heated particles meet with the Bmalloat 
amount of obstraction, and there the motion is quickest; but 
U aud near the circumference of the pipe, the retarding 
~ <etB oF friotion are moBl apparent, la tiae ieaae^a'SMi^TJt^ 
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the friction is less, for tlie water desoenda more ae a whoI^| 
and ia, moreover, aseisled by tlie gravity of the masa. In olH 
apparatiiB wliere tbe length of pipe ia not great, where ^^H 
pipes are of large diameter, and the benda and angles few, ^^H 
large deduction from the theoretical amount must BtiD ^H 
made, to represent, with anything liliu accuracy, the tr^H 
velucity; and Mr. Hood states that in more complex npp^H 
ratiis the velocity of circulation ia bo much reduced by frictio^H 
that it will sometimes require from 50 to 90 per cent. II^H 
npwarda to be deducted from the calculated velocity, in ord^H 
to obtain the true rate of circulation. ^H 

The amount of friction oat only varies according to t]^| 
arrangement of the apparatus, but also according to the si^H 
of the pipes. It is much greater in small pipes than in 'a'S^I 
ones, on account af the relatively larger amount of BDrfadH 
in the former ; besides this, small pipes coo] quicker tLd^| 
large ones, and this increases the velocity of the circnlado^H 
and with it the friction is also increased. When the velociqH 
with which the water flows is the same in pipes of different 
aizea, the relative amount of friction is as follows ; — 
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So that, if the friction in a pipe of 4 inches diameter be 
represented by 1, the friction of a pipe 2 inches in diameter ia 
twice as much, and a 1-inch pipe four times as much. By ia- 
creasing the velocity the friction increases nearly as the sqHM 
of the velocity : hut as the water in a hot-water apparatus dr- I 
culates with various degrees of speed in its ditferent parta, iti 
is not easy to calculate the amount of friction from thie cam 

It wil! be seen, then, that when all the deductions are n 
the circulation of the water ia produced by a very f 
power, so that, aa may be supposed, a very slight OBUse | 
suflicient to neutralise it. Mr, Hood has known so trifling ■ 
circumstance as a thin shaving accidentally getting into f 
pipe effectually to prevent the circulation ia an apparat^ 
otherwise perfect in all its parts. 

But the great point to be attended to ia, so to diapOM t 
/?ijfes that the water, in its deacent, may awt be uhottoctad Jj 
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differences of Icvc], ur angles in the pipes, where air may 

aceumnlate; fur tiiia, by dividing the Btream, efi'ueiually 

prevBQta the circulation. For example, in an apparaiua coa- 

Btrncted in the form repre- 

wnted in Fig. f!8, the motion 

^brongh the lioilcr and pipe, 

AV, takes place by couveo- 

tion, and through the de- 

BOettding pipe, on, by the 

force of gravity, ae already 

described. But it will he 

I, thst when the motion 

in the return ' '*"' ""' 

pipe, D B, in consequence of the greater preasare of o d than 
of A B, the water in a will be forced towards e, while the water 
e/g h fiowa towards c. But when a very small quantity 
of hot water has passed from the pipe aud boil<^r, a b, into 
the pipe, ef, the column of water, g h, will be heavier than the 
.colaiuu, ef, and the current will therefore tend to move along 
the upper pipe towards the boiler, instead of from it, " This 
force, whatever its amount, must oppose that in the lower or 
Mtum pipe, in consequence of tlie pressure of c d being 
greater than a b ; and unless the force of motion in the 
descending pipe, cd, be sufficient to overcome this tendency 
retrograde motion, and leave a residual force sufficient 
to produce direet motion, no circulation of the water can 
t^e piace." 

With respect to the accumulation of air in the pipes, every 
partof the flppiiratus where an alteration of level occurs must 
be furnished with a vent for the air. Thus, in Fig. 68, if the 
air accnmulate in the pipe between a and e, it is evident that 
ft rent at o, although it would take off the air from g h aud 
from CD, could not receive any portion of that which is con- 

1 between a e, or between ef; because, in that case, it 
niiBt descend through the pipe, ef, before it could escape ; 
ao very much lighter than water, it cannot pos- 
sibly descend so as to pass an obstruction lower than the place 
where it ia confined. The same remark applies to all cases, 
vlarge orawell iJie descent may be, aud'Coe aiiii\i.'a'«\»i. 
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itiiBpladnj; ol* a pipe in the fixing, by which one end may h»M 
made a litiJe higber tliao the other, will aa e&ectaiilly prevei 
the escape of air through a veut pkued at the lower end, aftl 
though the deviation from the level were as many feet aa i 
may. perhaps, be inuheH. 

When it is i'ei|uired to heat a number of separate etoriea I 
tbe Hftme boiler, one of two methods may be adopted. ~ 
vertical pipe from the boiler may be carried up to the higlu 
sfory, and the return pipe meander through each story, aJ 
it finally terminates iu the boiler. But it in ahvioiis thsCa 
etich ca-te the lop story will get the larger slmre of the he^^ 
and the lower aturiea will be gradually less healed, c 
of the cooling of the water in its passage to the butler, 
second method is to supply each Btory with a separate t 
of pipes branching out from the main pipe, and returning ' 
either together or separately itito the boiler. The application 
of thia prineiple, however, requires caution ; for if the branct 
pipes are simply inserted into the side of a vertical ascending 
pipe, the hot current may pass by, instead of flowing into, 
them. Some contrivance li 
therefore necessary to delay the 
motion of the upward current 
and to cause it to turn aside it | 
tbe points required. Thiaufty A 
he done by the arraogemei ~ 
shown iu Fig. &i>, which is ■ 
variation of a figure In I 
Hood's work. Here il 
perceived that as thi 
eacends from tbe boiler, B, it n 
oelvea a check at b, whereby il 
tends to fiow through the hoiiiil 
zontal pipe at that U 
same nJso occurs ate, and by tl 
means a nearly equal flow oi 
hot water ma}' be obtained. 
" " it be required to cut eff th^ 

supply of beat from one story while the others are beiii| 
Seated, thia may be doue by lutnina ti ato^-awk »j^ i, fa 
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irliich the heated enrrent ia prevented from fluwing along the 
pftrticular braauh bo closed. But wlieuever a brauuh is cloaed 
u at t, it is necessary alao to close the otber end, f, of tha 
eame brancli, otlierwisc the water in the deaceuding return 
pipe, R, heing warmer and lighter than that in the branch 
closed at *, will circulate therein, ajid thus raise the tempera- 
ture of [he room intended to be kept cool. 

In Bome arrangementa, the hut asceuUing current of tha 
Tenical main h made to discharge into an open ciBtern at tha 
lop, ae in Fig. 70, aud from the bottom of this cistern tha 
vuiotia flow -pi pes are 

made to branch ufF. By W^^ 

^is meauB the expense jM nr 

of cocks or valves is 
avoided; for by driving 
ft wooden plug into one 
or more of the pipea 
which open into the cis- 
tern, the circulation will 
bs stopped until the ap- 
ptratua ia heated ; but in that case water will flow back 
through the return pipe. This, however, may be prevented 
by bending a lower portion of the return pipe into tha 
form of an inverted siphon, as shown in the figure. This 
will not prevent the circulation when the Sow-pipe ie open; 
but if that he closed by a plug in the cistern, the hot water 
will not return buck through the lower pipe. Any sediment 
that may accumulate in the siphon may be removed, from time 
to time, by taking off the cap at the lower part of the bend. 

Id such au arrangement as that shown in the last two 
figures, the vertical main pipe need not he of larger diameter 
than the branches, unless these extend to a very considerable 
distance, and then the diameter of the main pipe may be 
somewhat enlarged. It is not. however, desirable to increase 
tiie diameter of the main, because it is an object to economise 
the heat in this pipe, and there are circumstances in which a 
enall main loses less heat than a large one, aa, for example, in 
the arrangement shown in Fig. 70. If one main pipe, 8 inchea 
ttdianaeter, su/ipJj- /our branches ia & glvea \Am.e,\\.Saft^N&s.''A 
I 2 
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that, by reducing the main to 4 inches in diameter, the wat«^ 
must travel ibur times faster through the emaller pipe ttfl 
perform the same amoaQt of work ; and, under such circaiii>« 
alances, the water will lose only half as much heat in paasinf^B 
through the Btnalt main as it would do iu aecending the largt^B 
one, for tiie loaa of heat sustained hy the water b directly a^M 
the time and the surface conjointly. jH 

Hence, in warming hy the same boiler two rooma aepsfAtei^l 
hoia each other hy a considerahle distance, the pipe conaectii^H 
the two rooms may be of smaller diameter than the pipes uaeqH 
for diffusing the heat. Thus, a pipe of 1 inch diameter tn^/jjU 
be used to connect pipes 4 inches in diameter. ^U 

The great specific heat of water, whereby it in ensblelH 
to retain its heat for a very long time (see page 47), ^U 
a greot advantage of this method of warming huilding^fl 
The rate at which this apparatus coola depends chiefly on'] 
the quantity of water contained in it with respect to the 4 
amount of surface exposed, and the excess of temperstun I 
of the apparatus above that of the surrounding air ; but foK J 
temperatures below the boiling point, this last circumetaiiOK 1 
need only be taken into account in estimating the velocity wilb * 
which this apparatus cools. Now, the variation in the rate of 
cooling for hojies of all shapes ie inversely as the mass divided 
by the snperficiea. In cylindrical pipes, the inverse number 
of the mass divided hy the superficies is exactly equal to tlie 
inverse of the diameters ; ao that, soppoaiug the temperaturoll 
to he the same in all — 



12 3 



1 iocbc9 diameter. 



That is, a pipe of 1 inch in diameter will cool four timea I 
quickly ae a pipe of 1 inches in diameter, and so on. Thead 
ratios multiplied by the excess of heat iu the pipes above than 
of the surrounding air will give the relative rates of coolin 
for different temperatures below 212°; but if the temperaturea 
be the same in all, the simple ratios given above will show 
their relative rate of cooling, without multiplying by HmM 
teniperaturea. 

S'Jieae calunlatioas supply practical rales for estimating U 
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tazB of the pipes under tlifferent circQinslancea, If the heat 
be required lo be kept up long after the fire is extingniahed, 
large pipce should be used ; if, on the contrary, the heat is 
not wanted after the fire is pnt out, then Binall ones will 
answer the purpose. Pipes of larger diameter than 4 inclies 
should never be used, because they require a very long time 
to be heated to the proper temperature. Pipes of 4 iuchea 
in diameter are well adapted for hot-houaes, green-houBes, 
and conservatories. Pipes of 2 or 3 inches may be used for 
warming churches, factories, and dwelling -ho uses. Such 
pipes retain their heat for a sufficient length of time, and they 
can be more quickly and more intensely heated than larger 
pipes, so that, on this account, a smaller quantity of pipe will 
often suffiee. 

With respect to (he quantity of pipe required for warming 
B building of ascertained size, it is necessary to bear in mind 
the rate at which a given quantity of hot water in an iron 
[upe will impart its heat to the surrounding air. Kow, it 
hag been shown by Mr. Huod, that the water contained in an 
Iran pipe i inches tu diameter internally, and 4-^ inches 
externally, loses '851 of a degree of heat per minute when 
the excess of its temperature ia 125° above that of the sur- 
ronnding air ; and as 1 cubic fcot of water in losing I'' of its 
heat will raise the temporature of 2,990 cubic feet of air the 
like extent of 1°, so 1 foot length of 4-inch pipe will beat 222 
cnbic feet of air 1° per minute, when the difference between 
the temperature of the pipe and the air is 126". 

There is also to be taken into account the loss of heat per 
minute arising from the cooling power of glass, ventilation, 
radiation, cracfea iu doors and windows, and other causes. An 
sllowance of from 3^ to 5 cubic feet of air ouglit to be made 
per minute for each person in the room, so that, for the pur- 
potee of respiration, this quantity will have to be discharged, 
and an equal supply of air brought in lo be warmed. 

According to Mr. Hood's experiments one square foot of 
glasH will cool 1'279 cubic feet of air as many degrees per 
minnte as the internal temperature of the room exceeds the 
temperature of the external air. Tf the difference between 
Utem be 30°, ihe 1-279 cubic feet of air v^i\i\^ft^loo\fti^^s^ 
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each square foot of gkss, tliat is, as mucL lient ss is equal | 
this will be given off by each square foot of glass. 

From these and other culciilationa, for which we must r 
to Mr. Hooii'a ahle work, the following corollary is ilrawn i- 
" The quantity of air to be warmed per minute in habitsbi 
rooms and in pablic buildings, must be from S| to 5 cubic & 
for each person the room contains, aud IJ cubic feet for e* 
square foot of glass. For conaervatories, forcing-housea, ai 
other buildinga of this description, the quantity of air to fa 
warmed per minute must be 1^ cubic feet for each nqui 
of glaaa which the building contains. When the quanttt 
of air to be heated per minute has been thue ascertained, tli 
quantity of pipe that will he necessary to heat the buQdiDi 
may be found by the following rule : — Multiply 125 (the eic 
of temperature of the pipe above that of the Burrouadiog ail 
by the difference beiweeu the temperature at which the roov < 
is purposed to be kept, when nt its maximnia, and the 
peratnre of the external air ; and divide this product b; tl|A 
difference between the temperature of the pipes and the prfl 
posed temperature of the room ; then, the quotient th4 
obtained, when multiplied by the number of cubic feet of *i 
be wanned per minute, and this product divided by 222 (tin 
number of cubic feet (>f air raised 1° per minute by 1 foot a 
4-inch pipe) will give the number of feet in length of P>pB 
4 inches diameter, which will produce the desired effect." 

Wiien 3-inch pipes are used, the quantity of pipe require 
to produce the same effect will, of course, be different. 1 
obtain it, the number of feet of l-inch pipe obtained by tb 
above rule must be multiplied by 1'3^. If 2-incii pipe h 
used, the quantity of 4-inch pipe muat be multiplied by 2. 

To determine the quantity of pipe required to maiutfeil 
a constant temperature of 75° in a hot-houae, let it t 
supposed that the external air occasionally falls as low i 
10^, and calculate from this temperature. The kmouiit I 
heat to be supplied by the pipes is obviously that whieK J 
e>Lpended by the glass, the cooling power of which is exKOtt 
proportioned to the difference between the internal and th 
external temperature, the actual cubical contents of the hou 
making no difference in the result. If auch a hooae bm 
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800 sqnEire feet of glass, it can eaitily be calculated, from tlie 
preceding data, that tbis qnantity will cool down 1,000 cubic 
feel of air per minute from 75° to 10°, whicli will require 
292 feet of i-inch pii>e. If the maximum temperature of the 
pipe be 200°, and the water be at 40° before lighting the 
fire, the maximum temperature will be attained in about: four 
bonra and a half; with 3-inch pipe in about three hours and 
a quarter ; and with 2-inch pipe in about two hours and a. 
quarter — depending, however, upon the structure of- the 
furnace and the quantity of coa! consumed. If the external 
temperature be higher than 10° the effect will be produced 
ib a proportionally eborter time. 

In churches and large public rooms, with an average 
number of doors and windows, and moderate ventilation, a 
more simple rule will apply for ascertaining the quantity of 
^pe required. Where a number of persons are assembled, a 
large amount of heat is generated by respiration, so that a 
very moderate artificial temperature ie sufficient to prevent 
the senaation of cold. In eucb a case the air does not require 
to be heated above 55° or 58'^, and the rule is to take the 
cubical measurement of the space to be heated, and dividing 
tills by 200, the quotient will be the number of feet of i-inch 
pipe required. 

The efficiency of any form of hot-water npparnfua will, of 
course, greatly depend on the boiler, which onght to be bo 
constructed as to expose the largest amount of surface to the 
fire in the smallest space ; to absorb the heat from the fuel, 
BO that ae little ae possible may escape up the chimney; to 
aflowfree circulation of the water throughout its entire extent, 
and not be liable to get out of order by constant nee, A 
VUiety of boilers are figured in Mr. Hood's work, and their 
respective merits considered on eeientifie grounds. 
JEhese boilers is shown in Fig. 71. 
b of caBf-iron. and the part exposed 
the fire is covered wi " 
2 inches deep, and abont one-fonrth 
three-eighths of an inch thick, radiating -^'s* T^- 

from the crown of the arch at an average distance of 

-each other. These riba greatly intieBRe ftift la-^ai* 



71. It 

posed to w—' C, 
sofribspjT^'^ 

iini-lli or l™^^ L' 
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expoaed to tlie fire, exactly wliere the effect ia greatest; M, 
being immediately over the burning fuel, it r* ' 
whole of tbe heat radiated by the fire. Tlie form of th 
boiler being hemiaphericai, will also expnae the 
Htnonnt of etirface ivithin a given area. The boiler Bho\ 
Fig. 69, being of wronght-iron, and, therefore, thianer I 
coBt-iron, sbaorba the greatest amount of heat from the fi 

'VYitb respect to the size of the boiler, it hns been shoK 
by experiment that i square feet of surface in an iron boili 
will evaporate 1 cubic foot of water per hour wh' 
to the direct action of a toierably strong fire. The Mig 
extent of heating snrfaoe which will evaporate 1 cubic fin 
of water per hour from the temperature of 52°, w 
cient to supply the reqiiiaite amount of heat to 282 feet < 
4-inch pipe, the temperature of which ia required to be ke{ 
140° above the surrounding air ; or 1 square foot of boik 
surface exposed to the direct action of the fire, or 3 Bqnai 
feet of flue surface, will supply the necessary heat to ■" 
68 superficial feet of pipe, or, in round numbers, 1 foot < 
boiler to 60 feet of pipe. But as this is the maxir ~ 

s somewhat larger allowance ought in genernl to be mu 
If the dilTerence of temperature be 120° instead of 140°, t 
same snrface of boiler will snpply tbe requisite amount t 
heat to one-aisth more pipe, and if the difference be onl 
100°, the same boiler will snpply above one-third mote pi 
than (he quantity stated. 

With respect to the furnace, the rate of combustion of t 
fuel will depend chiefly on the size of the furnace " 
vided the furnace door be double and fit tightly. The a 
pit should also be provided with a door to exclude the exoei 
of air when the fire is required to burn slowly. A dnmt 
plate should also be provided, to cause the combustion to h 
moat active at the hinder part of the furnace instead c 
directly under the boiler. The fncl will thus be graduftll 
coked, the smoke consumed, and the fuel economised. 

In an apiiarntiis containing 600 feet of 4-inch pipe, th) 
area of the furnace-bars should be 300 square inc! 
14 inches in width and 22 inches in length will give tb 
aiaoaat ofBurFaee reqnired. To obtAiu the greateat heat i 
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Iha ahorteat time, the area of tlie bare ehould he propor- 
lioDRll; increased, io that a larger fire may be obtained. The 
fire ought at all times to be kept ihin and bright, and to 
obtain a good efiect from the fuel, 1 lb. weight of coal ought 
to raise 39 lbs. of water from 32° to 212°.' 

The beat kind of pipea for hot-water apparatus are thosa 
with Bocket -joints, flange-joints having long been out of use 
for thia purpose. Where the socket-joints are well made, 
there is no fear of leakage, for the pipes themselveB will yield 
before the joints will give way, or before the faucet end of 
one pipe can be drawn ont of the socket of the other. The 
joints must be well caulked with spun yarn, and flUed up 
with iron cement, or with a cement made of quicklime and 
linseed oil. 

Soft or rain-water ought always to be nsed in the bot- 
water apparatus, because if hard-water be used, its aalta will 
form a sediment, or crnat, in the boiler, and interfere with its 
action. But as there is very little evaporation from this kind 
of apparatus, the boiler will not require cleaning out for 
years, if a moderate degree of attention be bestowed on the 
water employed. 

When the apparatus is not in nse, care must be taken to 
prevent the wate f m f g n the pipes, or the sudden 

expansive force of th t n f ezing may crack them. If 
the apparatus is n t 1 k ly t b used for some time during 
winter, it is bette t mpt\ tb pipes than incur the risk of 
feezing. It lias b p p d to fill the pipes with oil 
instead of water, d th b 1 point of oil is nearly three 
times higher than th t f w t , t was thought that a tem- 
perature of 400° might be safely given to ibo pipes. It was 
found, however, that the oil at high temperatures became 
thick and viscid, and at length changed into a gelatinous 
ass, completely stopping all ciruuIatioD in the pipes. 
In the furma of apparatus to which the preceding details 
refer, the temperature of the water never rises to the ordinary 

In tha Cornish enginos BSJ, and evea 85 Iba. of water havo been raised 
a 32" to aia", l^ the combustion of I lb, of coaL This ia a far mora 
fktvnnble result than has been prnduRed with aa; other boilers or qualmes 
-Ot omI than thow employed in the experiment. 

I a 
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hoiling pniat ^212^) ; but ^e have now to notice a TCethn^f 
in which the temperature of the water is ofien beyond 300^H 
IhJB IB the high -pressure method contrived by Mr. PerkiiU-^| 
Id its simplest form, the apparatuB conaiBte of a contintiaDB <^H 
endless pipe, closed in all parta, and filled with nater. Tlie^H 
IB no boiler to this apparatus, if^ place being Bupplied b^M 
coiling np a portion of the pipe (generally one-siath of ths J 
whole length) and arranging this in the furnace. Tha J 
remaining five-eixths of the pipe are heated by the circnlati<]!^fl 
of the hot water, which flows from the top of the coil, u>^| 
cooling in its progress through the building, returns to th^H 
bottom of the coil to be re-heated. The diameter of the ini^| 
is 1 inch externally, and half an inch internally, and is foriDO^| 
of wrought iron. The coil in the furnace being entirely su^^f 
rousded by the fire, thewaterisqaickly heated, and becotninJH 
also filled with innumerable bubbles of steam, these impart sfl 
great specific levity to the ascending current. At the upper 
part of the pipe, the steam babbles condense into water, and 
nniting with the column in the return pipe, which is com- 
paratively cool, the descent is rapid in proportion to Ibe 
expansion of the water in the ascending column, or, in other 
words, according to the relative specific gravities of tbe two 
columns of water. 

As the expansive force of water is almost irresistible, in 
consequence of its extremely Umited elasticity, it is necessary 
in the high-pressure apparatus to make some provision for tbe 
expansion of the water when heated. The necessity for thVl-I 
will appear from the fact, that water heated from 39'46° (th 
point of greatest condensation) to 212°, expands ahonl 5*5 p 
of its hulk ; and the force exerted on the pipes by this t 
pansion would be equal to 14,121 lbs. on the square i 
The method adopted ia, to connect a large pipe, celled ti 
expansion pipe, 2^ inches diameter, with some part of t 
apparatus, either horizontally or vertically. It should i 
placed at the highest point of the apparatus ; and at i 
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^^HRn of the expsnaion pipe is 


inserted the filling pipe, 


tSrbagh which the apparataa 




IB filled. While theapparatiis 


^t^ 


talwing filled with water, the 


expauaioa tuhe ie left open 


vW-j.T*jJ 


At the top; water is then F:m„jt^lr. ] 1 


ponred in through the fill- 










ing tuhe, and aa it riaea in 










fee pipes drives ont the air 










before it MTien the pipes 




■ 


' 




•re ftill, the filling pipe aod 






f 




the expanaion tahe are care- 




! 


t r 




Mlycloaedwithacrew plugs. =^ 
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It ia important to expel all I~. _ ^ 


-f 


eS 


M 


tbe air from the pipea, and '~ -= 


■f"- ^ 




diie is done, in the first in- 






Btaiice,by pumping the water 






repeated'ly through them. 






The expansion pipe is, of 


I 


\ 


coarse, left empty, as its use 






(b to aDow the water in the 






pippB to expand on being 






heated, and thus prevent the 






danger of bursting. From 




^ 


15 to 20 per cent, of expan- _ 


■f 


Bion apace ia uflnnlly allowed ^^=^ 
in practice. ^^^ 




The fiirnnee ia generally 




eo arranged in the building 




reqnired to be heated, as to 


11 


«Dow the tube proceeding 




from the top of the coil, to 


1 I 


be carried atraight np at 




cnoe to the highest level at '^ 




which the water has to cir- ^^J 


enlate ; here the expansion ^^= 


S^ r'i'r wim itrimr, 


tnbeissituated,and from this ^ 


i^ LJ 


point two or more descend- 


Fig. 73, 


ing eoJamna can he formed, whic^, 


aftcT cnwAtttiTi^ 'Cktoq.^ 


k. 


J 
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different atid diBtant parte of the building, nnite at lenj^li itt 
one pipe, just before entering the bottom of the coil in fh* 
ftirnsce. 

The whole arrftngement will be bettemnderflfood by refer* 
ring to Fig. 72, in which a ia the ascending column ; 6 the 
expansion tube ; c the descending columne ; and d the coili 
ill the furnace. 

The heat is communicated to the air of the rooms ^m tha 
external surface of the pipes, which are coiled up as at e <^ 
and placed within pedestals, ranged about the room with 
open trellia work in front, or they may be eunk in etoiia 
floors, placed behind Bkirtinge, or in the fire-places of e&cbi 
floor, the fluea being stopped, or arranged in any otlier con- 
venient manner. 

In consequence of the great internal pressnre which thera 
tubes have to sustain, considerable care is required in th^ 
manufacture. Tliey are made of the best wrought irotl) 
rolled into sbeelB a quarter of an inch thick, and of the proper 
■ width. The edges are then brought nearly together iu tho 
whole length of the iron, which is generally about 12 feet. 
In this state it is placed in sfurnace and heated to awelding 
heat. One end is then grasped by an instrument firmly 
attached to an endless chain, revolving by steam power, and % 
man applies a pair of circular nippers, whicli, when closed, 
press the tube into the required size, and which he holda 
firmly while the tube ia drawn through them by the engine. 
The edges are thus brought into perfect contact, and are so 
completely welded, after passing- two or three timea througli 
the nippers, that a conical piece of iron driven into the end 
of the tube wiU not open it at the joint sooner than at any 
other part. 

When the tubes are screwed together at each end, they are 
proved by hydrostatic pressnre, with a force equal toS.OOOlbt, 
on the square inch of internal surface. In this state they ara' 
aent to London, and such is the ])urity and ductility of tha 
iron, that the tubes can be easily bent, while cold, into cotlB 
of different sizes and shapes, as required. 

When the tubes are properly arranged and fixed in ths, 
baildiDg, tho whole apparatua ia filled with water by a furcq 
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e tube 
e thea 



mp, and eubjectcd to conaiderablQ preeeure before lighting 
lire. In this way faulty pipes or leaky jointu are detected. 
Vbe tabea are joined by pliicing the ends tvltbin a sooket, 
ning a right and left hand screw, the edge of ot 
kg been flattened, and the other sharpened ; they a. 
iwed ao tightly together, that the 
rpened edge of one pipe is in- 
Cedin the flattened surface of the 
T. Another method of connecting 
pipeBiB by a cone joint. A double 
I of iron is inserted into the ends 
lie pipeB to be joined, and is made tight by two screw 
I, as ahown in Fig; 73, This joint is quickly made, and 
!ry strong. 

he farnaoe varies in form and dimensions according to 
liUBtanceB ; but a very common arrangement is shown in 



Fig. 73. 




Rg 7i Tlie Furaa e 

The BiBP la about oj fiet square increasing fo™ 
et, according to tlie extent of pipe connected with it. 
s occupies a small apace in the centre raised about 
a (Ae ground and the fue'V w 6\\\>^\\eiftKaw^' 
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hopper door, m, at tbe top. The outer casing, 
mon brickwork ; b b (ire Welsh lire-lumpa ; 
bricka, aiipporting the coil, k; d d are reaervoira for the doi 
and Hoot, whicli wouli otherwise clog the coil ; g \ 
bsrs for the grate ; Aisthe grate; the fire-doDria doable, u 
there are ako doors to the ash-p 
ind dnat reservoirs. Fig. 75 ahov 
he deacending tube entering 
ire -chamber, and paaaing throng 
the bearing hiiTa,gg, of the grate,] 
Fig- T5. pig_ yp, i^ ^ gg^ti^^ pf the I ' 

well or reservoir, d d, formed bo as to enpport the coil, 
to cause the soot and duet to fall to the bottom. 

In this arrangement of the furnace, the ignited oool, I 
Burronnded on three sides by a thickness of 9-iach fire.brid 
or Welsh lumps ; the hopper door ia alao placed in one ( 
, these lumps ; the coil ia contained tUt 
a chaniher round the fire-brick, i 
inches wide ; the pipe ent«rH thit 
imber.passing through the bearing! 
rsof the grate, which tends topni 
ve the grate from burning; t' 
pipe passes out from the top of tl 

11, at the npper part of the chambet 
The amoke passes through the chain 
ber containing the pipes, and eacapea through an opening a 
the back. The coil is in actual contact with the fire only ii 
front. The best fuel for this furnace ia coke or Welsh haw 
coal, such aa is not liable to clog. The furnace may ba 
placed in a cellar, or be completely removed from the bnild^ 
ing to be warmed. The heat of the furnace can be moderatai 
by closing the ash-pit door and opening the furnace door, o 
the reservoir door, ao aa to lessen the draught and admit coli 
air to the coil. 

In the apparatus erected at the British Mnaeum forwana- 
ing the print-room and the bird-room, the furnace ia in | 
yanlt in the basement story, and the pipes, entering a flue, nr^ 
carried up about 40 feet to tvro pedeatala, one in each room 
one contaiaing SGO feet of pipe, nnAtiie oV\im 400 fedi. &b(nii 
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liO feet of pipe are employed in the flow and return pipes in 
'he flue, and 150 feet are coiled Dpiii the furnace. In tliie way, 
1,060 feet of pipe are employed ; the apparatus ib very power- 
Ail, md supplies the requisite amount of heat. Thepriot-room 
is about 40 feet long-, by 30 feet wide, and the ceiling con- 
tains large Bky-iights. The temperature of 65^ can easily be 
Bubtained in this room during winter. Tlie fire is lighted 
■t 6 A.M., and 18 allowed to burn brialtly till auffiuient heat is 
|»rodnced in the rooms, when the damper in the flue is par- 
tially cloeed. A slow- fire is thus maiotained ; at 11 AM. a 
iresh snpply of fuel is added, and this sapporte the tire till 
i F.H., when all the fires at the Museum are eKtioguished.* 
The above details will siifRce to show the nature and ap- 
plication of this apparatus. For its adaptation to houses and 
pnblio buildinga, under a greater variety of ei re um stances, wa 
muat refer to Mr, Richardson's work. We fully agree with, 
him, that in any building where this apparatus is intended to 
be ereeted, it ought not to be introduced aa an after -thought. 
" It should be remembered, that as its complete euccese, and 
its economical character, depend, in a great measure, npoa 
due consideration of its benefita being given at the cora- 
raencement of a building, so it ought, in future, to engage 
tiie primary consideration of the architect and builder." 

It la, however, of great importance to ascertain whether 
this apparatus ia perfectly safe, for even a doubt on the sub- 
ject muaC be fatal to its general introduction. The average 
temperature of the pipes is stated to be generally about 350°; 
but a very material difference in temperature, amounting 
eometimes to 200° or 300°, is said to occur in different parts 
of the apparatus, in consequeuce of the great resistance which 
the water meets with in the numerous bends and angles of 
this small pipe. The temperature of the coil will, of course, 
give the working effect of the apparatus, but the temperature 
of any part of the pipe will furnish data for estimating its 

• Mr. Hnod states, on tlip contrary, that, owing to the irnBllneBs of the 
pipe ]b the bigh-preraure apparalas, Che coil cools so rapidly nhen the Are 
riackens In intsosity, Chat llie be.it of the building is maieriall; stEecteii by 
the leant Bltemtlon in the force of tbe Are, Instead of maiDtalning that pcrma- 
' temperBture which is so peculiarly the characterlaCic oC iho hot-walw 
I with ]aigepipet. 
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safety ; for whatever is tlia temperature, and, conBcqiientl; 
the preaanra in the coil, must be the pressnre on any otbfl 
part of the apparatus ; for by the law of equal preaauras < 
fluids, an increased pressure at one part will generate i 
equally increased pressure at every other port of the Byeteq 

A very elegant method of ascertaining the temperature q 
a heated surface of iron or steel consists in filing it bright 
and then noting the colour of the thin film of oxide wMo 
forms thereon.* Mr. Hood states, that in some apparatui 
if that part of the pipe which is immediately above the fuf 
nace be filed bright, the iroa will become of a straw ooloui 
showing a temperature of about 4u0°. In other inatances i 
will become purple = about 530°, and in some cases ofafu 
blue colour = 660. Now, as there is always steam in 
part of the apparatus, the pressure can be calculated from t]^ 
temperature, and a temperature of 450" = a preBsnre of 420 Ih 
on the square inch; 530°= 900 Iba.; and 560° = 1,150 Ih 
per square inch. 

Although these pipea are proved, at a pressure of nearl 
3,000 lbs. per square inch, and the force required to break ^ 
wrought -iron pipe of I inch external, and half an inch inlemi 
diameter, requires 8,822 Ills, per square inch on the int«nti 
diameter, yet these ealculationa are taken for the cold msta 
By exposing iron to long -continued heat, it loses its fibroc 
textiire, and acquires a crysialline character, whereby i 
tenacity and cohesive strength are greatly weakened. 

In order to make this apparatus safe, Mr. Hood snggea 
that, instead of hermetically sealing the expansion pipe, i 
should be furnished with a valve, so contrived as to press wjt 
■ a weight of 135 Iha. on the square inch. This would prevai 
the temperature from rising above 350° in any part. Til 
pressure would then be nine atmospheres, which la s lin 
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more than sufficient for any working apporatua where safety 
ia of importance. 

Bnt, snppoaing the nppftrfltns were to buret in any part, the 
eflfectB wonid bj' no means reBembla tlioaewhicli accompany 
the explosion of a steam boiler. One of the pipes woali) pro- 
bably crack, and the water, nnder high pressare, escaping in 
* jet, a portion of it wonld be instantly converted into Hteam, 
■while that which remained as water would sink to 212°. This 
"Would have the effect of scalding water nnder ordinary circnm- 
atancea, but the high preasnre steam would not scald, beoanse 
its capacity for latent heat is greatly increased by its rapid 
expansion, on being suddenly liberated, so that, inalead of im- 
parting heat, it nbatraota heat from surrounding objects. The 
only real danger that would be likely to ensue would be from 
the jet of hot water, and this must, in any case, be of trifling 
amount. 



CHAPTER IV. 

ON WARMINO BY MBASa OF THE OPEN 



Tkb first edition of this work, published in IE 
the varioua methoda of warming buildings by means of the 
open fire-place, the close atove, hot-air apparatus, steam and 
hot water, and examples of each method, were given to 
iDtiBtrate the principles involved in the various methods. 
Similar details are given in this new edition, although in 
Bome cases they are expreesed a little more fully. We 
reserve for the present chapter a notice of the Report of the 
OommiMionera appointed by the House of Commons to 
iD<ltiire into the beat prartical method of warming and venti- 
hting dwelling-houses.* There is no new principle involved 

• The oomraiBsionera were Mesas. Fairbaltn, Glniaher, Wheatstons and 
Hayfair; J. S. Ciunpbell was sccretarv. The commiBsion was appointed In 
Va.y, lese. The report, which vas made to the General Umrd ot Health, 
■mm ordered to be printed 25th of Augual, 1857. It wss not ii^^ed by Dr. 
Flayfajr, on acoount uF hia appolatmaat in Professor ot Chemistir in the 
TTaivenlty of Edinburgh pievenclag him fcom ittanding to the won of the 



ia this Boport ; but Re it is quite impoBBible that sucli men a 
the coniniiBBi oners should touch any subject without thro 
new light upon it, we have felt it to be our duty to 
briefly a few of their reaulta reepeciing the wannii 
dwellings by means of the open fire-place, this being th 
only method that it waa deemed desirable to inquire iitti 
seeing that the habits of the people are not likely to ■' 
themselves to any other so long as coal is abundant. 

The first point that attracted the attention of the 
eioners was the imperfect mode in which coal is burnt in s 
ordinary fire-place, the result being a large amount of sinoli 
and soot, which taints the air, clogs the organs of respiradoq 
soils onr furniture, and shortens the duration of daylight t 
arresting a portion of the sun's rays. This expensive nntsani: 
may be got rid of by methods more or less simple of a 
Btructing the grate and feeding the fire. In 1785 Jan 
Watt took out a patent for the prevention of eraoke in fl 
naces, the principle of which was to supply the fire fri 
above, downwards, by means of a reservoir of fuel in coali 
with the ignited mass. Combustion was supported by 
strong lateral current of air passing through the fire ioto 
flue on the other side, aided by a slight downward cnrr 
through or beside the fuel, which descends by its own weigl 
as the fire consumes. A separate fire is maintained near ti 
entrance to the flue through which the smoke of the first fil 
passed and was effectually consumed. 

These principles have been applied by various patentei 
for improvements in the structure of the open fire-ptaoe, j 
in Cutler's contrivance, described at p. 115. , 
Cutler's patent (1816). Deakin attached a metal box contMnia 
coal for one day's consumption to Ihe hack part of the li 
place, and as fuel was required it waa drawn forward i 
the grate by means of a screw, and in this way, by supply! 
the coal horizontally, the smoke was nearly all consumed, 
the same yearUawkins patented a feeding shovel forsnpplyin 
coal to Ihe fire at the bottom. The shovel had a cover eo I 
to form a sort of box or pan, and in the handle was a slit 
rod connected with a piston, by pressing which the c 
were throBt into the fire. In 1825 Atkins supplied c 
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ftom the back, tlie bottom of the fuel chamber being made to 
I (lops at a flliarp angle towards an opening at the back of the 
f gnte. In I84t; Tillett patented an arrangement of Cutler'a 
I feeding appnratna, by which time Dr. Arnott had perfected 
I ill amokeleau fire-place, p. 116, which, although not patented, 
I Itu been made the subject of subaequent patents. In Jeake'a 
I prteot, in 1854, the front of tlie fuel box and the bars of 
I the grate are made in one, and move together in a ehding 
I Aame, the object being to bring the fire down upon the fuel 
7 instead of the fuel being raised upwards. In this way 
' the fire, by beiug gradually lowered, admits air to the fuel, 
which is thus gradually consumed, and the fire-grate, which 
miy be of average height in the morning, exhibita only a 
bw fire in the evening, when the supply in the fuel box ia 
exhansted. In 1854, also, Eawe forced the coals in small 
inppliea into the lower part of the fire through a fuel pipe 
which connects the bottom grating of the fire-place with a 
nde reservoir of fuel, the poker being uaed as a lever for 
inlrodncing a freah supply.* In 1854 a patent was talien 
out by Bachhoffner for getting rid of the anioke of one fire 
by passing it through the incandescent coke or anthracite of 
■B upper or supplementary fire ; or instead of having two 
saparate kinds of fuel, the coals in the lower grate, when 
mffioientlj coked, may be lifted with a shovel into the upper 
, Rtate, and fresh coals added below. Leighton, in 1856, sur- 
rounded the Bides and back of a fire-grate with a fuel 
cliamber, the fuel being brought forward by the poker as 
xeqnired, A bright clear fire ia thus produced from the coal 
andergoing a prucess of diatillalion previous to its applica- 
tioD, the coal of one day becoming the coke of the next, la 
Boole's patent a double circular register ia introduced, con- 
Ating of two plates arranged above each other, the spaces of 

* Iliitve adnplfd a method which, rude and Imperfect lU it ia, has Bome 
_ __mitagS3 In ecoDDinlaing fuel, barniag much of IhD smoke, sod getting rid 
K4f Ibe nuitanca of d amnl^ room In irindy vtenther. The grals of my atudj 
Wttfi B false bottcm, and mv plsn is to shovel the coals Into the unoccu^ed 

roe twtween it and the real bottom. The volatile products thus distil mta 
tb* above and are eonaumed. The live cinders mav he trannterrod from 
0SU to time to tiia lop, or cinders of the previous diy^a kitobea lire hs (uldod, 
tmi Ire^ coals put in belov. In this way the lire gives oat more heat, 
"-**■" " ' ■*— J— —J — . — ^ ()]g jfeater paitoftlw «o«^. 
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t.lie one opposing the solid parts of the other. One of tb* 
Iramea ie made movable, so that the openinga may 1 
diminiahed or closed by meana of a acrew in front of the fir 
plsce. In Owen'a patent nearly all the parts of the fire-jdwll 
which come into immediate contact with the fire are caat iit 
one piece, including also the hearth-place, for the purpose of 
obtaining heat from the radiation from, and the condaotion 
of, metal siirfaoes. In this, as in the former patent, doubls 
grates are introduced between the fire and the fuel bos b 
for the advantage of an under -current of air; bnt this plit 
reqnirea the removal of the double grating when U is reqnirri 
to wind up fresh fuel, 

A second class of am oke- consuming fire-places is based 
upon Franklin's fire cage (described at p. 99, Pig. 29). Tha 
GommisBionerB think that, although good in principle, tha 
form of these rotatory gratea differs from the ordinary fira-i 
grates sufficiently to create a prejudice against their genenl^ 
adoption. Moreover, much heat is lost which might hf 
obtained by conduction, tbe grate being in a measure isolated 
and turning on an a:cis by means of a lever or small winch 
between the cheeks of the fire-plaee. There ih no donb^ 
however, as to the am oke -consuming capabijitiea of tbs, 
arrangement, especially as the skeleton cylinder admits t 
being separated into compartments by means of a longitn'diDa 
di^-iding plate, so that the fuel may be thrown into tbl 
cylinder at the back of this dividing plate, when, by turnin 
the frame, the fresh fuel may be driven under that which : 
already incandescent. 

A third class of inventions is for the prevention of smcda 
by means of a downward current. We have already givaf 
examples of this kind. (See p. 87, Pig. 19 ; p. 137. Fig. 47? 
and p. 139, Fig. 48.) The downward current is intended tl 
consume or rather to prevent the formation of smoke ; bnt 9 
is suggested in the Report that the chief difficulty "must haw 
consisted in obtaining the due supply of atmospheric 
quantities equivalent to the amount of gas generated in th( 
fire, a difficulty not inconsiderable when the coals are stippliev 
as ordinarily put on by hand from time to time, and in 
ga^ qaantitia." There aie two p&tQT>)«, oo.^ h'j WtlUaniFi 
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in ISBS, and the other Ly Mareb, in 18SG, the principle 
being to have a flue at Ilie back of the fire-grate commum- 
ntiog abuve with the chimney. The fire is lighted in the 
nitiftl way, and when an upward current is establiEbed in the 
cliimDey, access to it is closed by a <iaiiiper, while a valve in 
the flue being opened, the products of combuetiou paas down 
into the flue and so into the chimney ; after this the fire is 
fed witb coals in the nsual way. 

Another class of contrivances for consuming smoke gene> 
rated in an open fire-place is by means of hot-air ehombers 
above. Thus Olding, in I60I, constructed a triangular 
chamber, tlie vertical side being formed by the back of the 
fire-place, aud the other two sides by registers, one inclining 
from an aperture in the chimney downwards, and the other, 
from about the same spot, upwards. The three sides of the 
triangle are slightly separated, so that the smoke, heated 
tat, &o., pass into tbe chamber wliere the smoke is con- 
nmed, while the gaseous products escape into the chimney. 
Arrangements of this kind are not very satisfactory, since 
it is more desirable to produce perfect combustion without 
Tuible waste products, than to seek to get rid of these 
jirodnclB by au after process. 

Another form of fire-grate for preventing or mitigating 
Ihfl qnantity of smoke is by deflecting hot air downwards, 
ud by direetiag cold air into and through tbe fire. Tliua 
Btevena, in 1S53, placed a deflecting plate at the hack of the 
grate, shelving down towards tbe fire, for deflecting over it a 
current of warm air, supplied to it by side flues and through 
passages underneath and about the grale. The air so heated 
is diatributed over the fire downwards, and assists in the 
combustion of tlie smoke. Leslie's fire-grate is situated very 
near the floor of the room. It comnuinicates directly witli 
Ae external air by two pipes an inch in diameter on either 
ride of the fire-grate in front. We have already seen (p. 84) 
&at this method, which we believe to be quite sound, was 
BDntrived by Sir John Winter in 1668, and forms a prominent 
feature in Ganger's fire-places (p. 88}. 

Variationa in tbe form or construction of the register is the 
■abject of numerous patents. We have already seen in Count 
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Kumford's contrivances (p. 112), and ia much earlier invem 
tions (p. 8i, note), how important the register is in preserviq 
the warmth of the room by preveDting the hot air froi 
Bflcendiiig freely into the chimney, and if arranged bo la t 
admit of regulation, of diminishing the maximum draft to A 
required minimum. Edwards, in 1804, closed the top of ti 
atove-grate with two inclined metal piatea forming a kind i 
pointed roof, hut leaving a narrow aperture for the posaagei 
the smoke. Slate, in 1850, inclined the register plates, ( 
trsry to the usual method, from the front to the back of til 
chimney, that its action might be increased by inner cheek 
to the fire-place, to be drawn forward from the aides for ai 
increased draught. A good form of regisler is that attanhei 
to Arnott'e amokelesa fire-place (Fig. 33), a similar form I 
which was made the subject of a patent in 1854, aCTordtDl 
one out of innumerable arguments for an entire cbange ii 
our patent law system. In 1855, Vaanier patented a regiaUl 
plate, extending from the back to the front, containiog a 
opening, supported by racks at any desired elevation. 

In conuectioa with the use of the register may be meE 
tioned contrivancea for economiaing and utilising the heat bj, 
returning warm air into the apartment. Tbia idea has bees 
ao abnndantiy illuatrated in the case of Ganger's ' 
and Franklin's Pennsylvanian fire-place {p. 97, E _ 
hardly to require further illustration. (See also Lloyd'l 
arrangement, p. 125, Figs. 37, 38.) Under this head may h 
mentioned the fire-grate proposed by Professor Uosking in 
1851, by which the fire of a room should fulfil the conditionl 
required for ventilation. The commiasionera object to thli 
method of making one contrivauce do the work of two, i 
the ground that the apartment will be inadequately warmeiii! 
lu Ugsking's arrangement " the fire-grate is aet so as to allow' 
a space between itself and the brickwork eettii^, and ii 
at the top by an iron plate, open only for the register flap a 
valve over ihe fire itself." External air ia admitted to tik 
cloaed chambers by a pipe in communication with the onta 
air, and is directed, in any way must convenient, under thi 
bearth in front, and so to and under the hearth at the back, 
iji which aiifScieat holes arc made to a^low oE tl\e sit uiM * 
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the tube or cbaniiel to rise into the chaiuber about the 
I«J>ox or grate. Opeuings of auy desirable i'ovai may be 
«de through the cheeks of the grnte into the air chambere 
i the level uf the hearth. " An upright metal plate aet up 
dtiocl the openingB in the obeeke of the grate, but clear of 
Mm, bends the current of warm air in itti pasaage through 
le inlet holes, and tliua compela the fire to allow what is not 
loessary to it to paaa into the ruom ; and if the opening over 
le fire t« the flue be reduced to the real want of the fire, there 
(SI remain a considerable supply of tempered air, wailing only 
I inducement to enter, for the use of the inmatea of the 
_iaFlitieut. An opening directly from the room iuto the flue 
ipon which the 6re ia actiug at n high level in the apartment 
nil nfiord this inducement, by allowing the draught in the flue 
aet upon the heated and spent air under the ceihng,* and to 
taw it off, thaa inducing a flow of the fresh and tempered 
'r from about the body of the grate iuto the room." 

A description of a cottager'e stove, which seems to be well 
tiranged, is given at p. 127, Figs. 42,43. A smoke -consuming 
Sove has been contrived by Edwards for the working classes, 
id 18 adapted for cooking, &c., ae in the cottager's stove. It 
BUd to consume only 14 lbs. of coal in from twelve to funr- 
«n hours, at a cost of about twopence. The grate has a fire- 
clay brick back and sides. It can be easily fixed. There is 
■pit, and the cost is 20s,, exclusive of fixing, Fire-clay 
are used in the sides and back of a grate by Pierce, 
vith an air chamber around them commnnicating with the 
Hiter ^r, which, being gently warmed, is let into the room. 
ITolvee are placed for regulating the supply of air. 

Orates have been also contrived for economising fael and 
leat by combining reflection from solid surfaces with conduc- 
' n and radiation. Such grates are usually costly, require 
couaiderable area for their accommodation, and much 
ileaning and attention to preserve the polish unimpaired. 
They are mostly adapted fur large rooms, and have a bright, 
ihesrfiil appearance from the divergent and iuclined metal 
ni&ces reflecting the brilliancy and warmth of the fire. 
As early aa 17^15 a patent was tnken out for a removable 
*0n tiii* suhJBct Bee, however, the eaperimenli 4eaot\\)e4 W 
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reflector, and in 1805 polislied metal reflectors vere placed IM^I 

each aide of the fire-place, to be turned at any angle, to reSe^H 
the tieat of the fire iuto the room. In 1816 the fire-gra[e«^H 
encIoBed in a huUuw metal globe opening in front of the gitt^H 
In 1S52 the hearth, cheeks, and faces of the grate were nud^f 
of polished eteel. In the same year there was a patent, S^M 
£52, for a hearth of radiating metal bars in a double M^H 
made slightly convex. In the Hanie year, No. 1,016, tlielcir^H 
part of the fire-place is filled with a metal apron of ope&wori^H 
to increase heat by radiation. tTobaon's method has alrwdj^H 
been mentioned (p. 126). In the same year a grate wil^| 
formed with a metallic surface extending from the bars (wUfflV 
were vertical and inclining inwards) into the room, and u, 1 
becoming healed, radiated around. In Mr. Sylvester's invM- ■ 
tion " the hearth is formed of a framework of hallow radiating I 
metal bars, diverging and fan-like in arrangement, upon tbfl I 
furthest end of which the hnruing fuel is supported. The tit I 
for combustion passes through the hollow bare to the flrej 
which also derives a supply in front in the usual way. TkM 
ends of the bars on which the fuel rests become intens^H 
hot. The remaining portion or hearth froiD conducli^H 
becomes likewise heated, aud radiates its warmth aroni^| 
The fire, being situated upon the hearth, allowe the greid^H 
possible length of surface to tlie cheeks or sides of the sto^H 
which are of polished metal, and contribute greatly to (^| 
amount of heat afforded by radiation. The smoke eacaB^I 
through the apertures of a kind of louvre at the back, and %^M 
ashes pass between the bars into a receptacle beneath." ^U 
The commissioners also examined a number of open ftflH 
grate stoves. They refer to oue under the date 1781, whiiM 
bears some resemblance to the stove-grate or chapelle deseribedl 
at p. 142 ; hut furnished with a double back or air cbambnJ 
into which air is conducted from some external source, a|H 
passing upwards in a tortuous direction, becomes temp«raH 
and ie permitted to pass out into the apartment tbTOO^I 
apertures in the side of the air chamber. This ipveDtion^B 
referred to in the Report as being "of interest, as coDibioiDgstfl 
very early period Boimd principles of construction, and aeemiaw 
to be the original of ita class ;" whereas it is only one at tka 



Oumerons variationa of Gniiger's invention and Franklin's 
f amsylvanian etove. Iniieeil, from the descriptiun, it would 
•ena to be identical with Ganger's figure, tvhich we have 
■opied (p. ft2, Pig. 24). In Sharp's patent, in 1781, aaya the 
ll^rt, " the air chamber ia fitted with three rows of hori- 
Kaital aheivea : the centre row open to the eideB ; the two side 
each side, open to the centre ; the air, therefore, 
nrbich enters from below, is MmpeSled to follow a zig-zag 
Dr tortnoua direction until it pasaes out at the apertures in 
the aide. The intention is to delay tlie air in its passage up 
titrougli the chamber, and bring it in contact with a series of 
^ated Burfacea, from which to derive an increase of heat" A 
tomewhat similar arranj^ement was patented in 18o5, and 
t^fdn, in 18ul), in Witler'e patent, one of the advantages 
'flf which is, that the interior of the metal facing and the hack 
flf the grate are lined with fire-bricks; but this is no new 
eontrivance, for it will be seen by reference to page 142 that 
the parts of the chapelle in contact with the fuel were improved 
1^ "being lined with tiles of fire-clay. 

L fire-grate in use at the London Hospital has its back 
mnnposed of fire-bricks, behind which is an iron lining, and 
behind the lining a chamber com nmiiica ting with the outer 
Atr, by which means a supply of warm and pnre air is distri- 
■fcoted within the ward in whicli the fire-place is situated. 

Various minor arrangements are noted, such as the method 
-of dearing the grate of its contents before lighting, in order 
'to avoid dust. Indeed, the usual method of raking ont the 
^re has often struck me as being about aa sensible as hrushing 
I nailed-duwn carpet, so aa to transfer all its dust from. 
tbe floor to the furniture. To prevent the clouds of duat 
a the fire-grate, the grate boa been made to turn upon a 
'^vot, and discharge its contents over a chamber at the back 
wvered with a sloping grating, through which the dust and 
•fll^ea pass while the cinders roll back into the grate. The 
't^amber communicates with an ash-drawer beneath, Tbe 
■grate has also been made movable, so that it may be carried 
t of the room to be cleaned and made ready for lighting, 
llnit iu this way much of tiie heat from conduction is lust. A 
iUovable tray of net-work or perforated meUl taa \i6ftui^uuiR&. 
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betwepD the bottnm of the fire-grate and the level of t^fl 
hearth. A series of inclined metal bars ia placed between dfl 
grate and the separator, movable on pivota, to be turned fl 
any angle to reflect back the heat. Many cuntrivaLcee hsM 
also been made for cancealiiig and lemoving the waste 6tM 
and ashes below. In 1795 a space below the fire-grate fl 
enclosed for the reception of the aahea, which could thUB 1H 
carried away by pulling out a drawer in front. A recepta^| 
baa also been formed within the hearth, covered with fl 
movable metal plate of open work, through which the aakfl 
fall. The grate has also been placed on a. hollow basement fl 
metal, or stone, or marble, within which is the aah-draw^l 
In this arrtingement a fender is not wanted, as ia the ewB 
where a radiating hearth-plate is used, the cinders falling fl 
a lower level between the epaces of the bars : an asb-draw^ 
may alao be placed below the bar. A movable tray or sifter 
of wire-work has qiao been fitted inside a shallow aeh-pan. 
On the movable tray a series of thin metal etrijja were arranged 
eimilar to louvre boards to serve as heat reflectors and to hide 
the cinders. These metal strips may be brought close 
togefiier to prevent the escape of dust while sifting the aahei 
into the pan ; the cinders may thea be returned to the fire, 
and the apparatus re-arranged without much trouble. 

Every one muat have felt the inconvenience of the common 
method of putting out a fire by taking off the fuel with the 
tODgB or ahuvel. As long ago aa 1805 there was a patent for 
a metal case for putting over the fire and extinguishing h 
without dust or waste of fuel, or by a vertical screen pulled 
down from above or drawn forward from tlie sides. Thia 
patent curfew was revived in lH5i, a movable shutter being 
made to draw down and exclude the air ; but that it shoald 
be made the subject of a patent is remarkable. The movabla 
abutter, when made to act the part either of an extinguisher 
or blower, embodies an ingenious idea more worthy of a 
patent. Thus Sherringham", in 1853. had a blower in front 
of the fire-place to regulate the draught according to the 
height at which it was adjusted above the fire, or when raised 
m front of the grate to form a protection against accidental 
Sre^ or in conjunction with & Beco'[\& WTe«.^ ^'li^vk. bcaoght 
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in contact the 6re soon bccomce extioguielied, and when 
partly eeparated maiotaiDS a elow combustion. 

The subject of fire-guards deaervee attentJoa. The port- 
able wire-work guard, which is aiwaya either in or out of the 
irny, ia troDblesome ; but if made to form part of the fire- 
place, aa waa done in 1602, we get a iiHel'ii! contriTance, 
Two circular piecea of wire-work, one on each side of the fire- 
^ace, were made to draw out and to meet in front, so as to 
•neloae the fire within an effitieat and easily removable screen. 

Tiie Commission were not able to bestow much attention 
on close rtovcB, but they inaigt on the objection in their action 
in drying- the air to an uncomfortable or even injiirioas 
degree, while tliey have little or none of the action of an open 
fire-place, in promoting the veutilalion of an apariment. With 
reapect to the moietiiro of the air, it is stated to be " abso- 
lotely necessary that water be present in the air to the 
UunUDt of little lees than 3 grains at SO'^, to 4 graine nearly 
U 60°, and to more than 5 grains at 70°, in every cubic foot 
of air. Tlie wet and dry bnlb thernionieter furnishea a 
meoBure of ibe amonnt of water present in the air, and tha 
above amounts will be present when the wet bulb thermo- 
meter reads about 46°, 64", and 63° respectively, and the 
simiiltBiieans readings of the dry bulb thermometer are 50°, 
60**, and 70" respectively. It is, therefore, evident that the 
dry and iret bnlb thermometer sbouM be attendant on the 
nse of the stove as applied to apartments. The ioatrnment ia 
simple in ita constroction, inexpensive, and involves no difB- 
culty in its management." We shall return to this subject 
when we coroe to apeak of the conditions required for efficient 
ventilation (see p. 1^07). 

The objection to metal atovea that they burn the air haa 
Iwen endeavoured to he met by Bubstituting pottery-ware for 
metal. A stove of this itind by Rammell, patented in 1854, 
&r burning anthracite, has a downward draught passing 
ttrongb the fire into the hollow atone below containing the 
asb-pit. from which the exit flue passes into the chimney. 
The mass of fire-brieliB which surroundB the ash-pit and forms 
the base or stand, is traversed by numerous atr passages, 
tktougb which air rieea, ia heated, and paaaefi \'[i\.'i iV^ B."g«A- 
' K 2 
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below. These horizontal ducts should contain 1 square incli 
of sectional area for every lIX) cubic feet of room space; llie 
gruing coveriiLj,' the opening to the outer air ehould noL be 
larger in total area than the Sue so that llie clear aru 
through the grating would be only half that of ihe flue If 
the shaft is of great length the seclLonal area alioalil be 
lalher more, but if coDimnuicatiDg dirLctlv TMth the outer 
a,ii the eectional aren should be rather less than that rociiia- 
mended. Care ahuuld be takeo to d^B^^ the auppl) of air 
from a point where thtre are no nniaanccs buch as gall; 
heads, guttera, <&c., and that it bf taken as bi},h above tb< 
ground ae poeaible. From the air chamber at the back dI 
(he fire-place the air ia cimducted into the room hy a sbaA 
(see Fig- 92), and through a buvred opening placed near ihi 
ceiling ; the clear area through the louvre being mode muck 
larger than the area of the shaft the louvre being bevcllfd 
upwards ho as to cauM the air to impunge against the cethJigi 
to prevent a cold draught U-ing ielt when the fare 




fig. T8. Plan. 

Benodel\cd 7\tE-gtaU. 
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^^infed for Improving the Sanitary Condition of Bftrracfca 
•nii Hospitals. There is nothing- uew in iU conBtnictioa, but 
it appeara to be made up from a jndicioiia aeleelion of the 
iest features of old inventions already deacribed. The grate 
U placed OS inach forward in tho room ae piieaible ; the part in 
■which the fire is contained is of fire-brick ; the bottom being 
partly solid checks the consumption of fael. A supply of 
■ir ia admitted from behind the grate, and is thrown on the 
top of the fire to assist in preventing the amoke ; the aides 
aplayed ao as to throw the heat by radiation aa much as 
poasible into the room ; the openinjj into the chimney has no 
register; there is a chamber behind the grate into which air 
U brought from the outer air and warmed by the larg^e 
beating surface of the back of the grate, increased by flanges, 
tai after being heated to from 6G° to 70° Fahr., the air 
paaaea into the room by a shan: cut out of the wall whiuh ter- 
minates in a louvred opening placed out of reach, or a shaft 
of sheet iron may be fixed to ibe wall to serve ibeaame pur- 
(see p. 22i, Fig. 92). In the accompanying figures the 
fire-lump lining of the grate is shown by the shaded portion ; 
the back lump has grooves in it terminating in holes juat at 
the bottom of the aplny, which form air channels for admitting 
at the back over the fire. The hearth is made of a plate 
of cast-iron. The grates are of three sizes, according to the 
cabic contents of the room. A grate with a fire opening of I 
Soot 3 inches ia for a room of not more than 3,600 cubic feet of 
oontenta ; a grate with 1 foot 5 inches of opening is for rooms 
between 3,600 and 7,800 cubic feet ; a grata with 1 foot 9 
inches opening is for rooms up to 12,000 cubic feet; above 
which capacity two grates will be required. Fig. 77 shows 
the ordinary fire-place, with the method of Getting the 
stove and forming the air chamber. The contrivance for 
Admitting the external air into this chamber will depend 
on circumstances. If the fire-place he built in an external 
wall the openings for fresh air may be made in the back, hat 
if ia an internal wall the channel from the outside may be 
either between the flooring of the room and the ceiling joists 
of the room beluw, or in the apaecs between the joists, or by 
a, tabe or hoUow beam carried below the ceWiog ot "CaaTiiQia. 
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tailing pOBseasion of a new liive, the beea stop up all ths 
cracks and [rbiiiks with a reaiiiona substance Dunied pro/w/t'i, 
for the piirpoHe oF keeping out insect depreilnlora ; snd th« 
propi'ietor, with the aame object, generally plasters theliiw 
to the sloo], and, in orijer to keep off the rain, covers it witli 
a heavy straw cap, or turns a large pan over it. 

It mast not be supposed that, because the vitality of iouctt 
is greater than that of warm-blooded animals, beee are not 
affected by the same agencies which affect us, for they are 9, 
and in a similar manner : they fall down apparently dead 'i 
confined in a close vessel ; they perish in gases which destnf 
lis; they perspire and faint with too mnch heat; and m 
frozen to death by exposure to too much cold. 

Haber introduced some hees into the receiver of an aif- 
pump. They bore a considerable rarefaction of the air with- 
out any apparent injury ; on carrying it further they hi 
down motionless, but revived on exposure to the 
another experiment, three glass vessels, of the eapaoily of 
fflxteen fluid ounces, were taken ; 250 worker bi 
introduced into one, the same number into another, and ISO* 
maiea into the third. The first and the [bird were ahut 
and the second was only partially closed. In a quarter ofi 
hour, tbo workers in the close vessel became uneasy ; tlii 
breathed with difficulty, perspired copiously, and licked th* 
moisture from the sides of the vessel. In another quarter 
an honr, they fell down apparently dead. They revived, 
however, on estposure to the air. The males were affectej' 
more fatally, for none survived; but the bees in the vcaad' 
which admitted air did not suffer. On examining the 
two close vessels, the oicygen was found to have dJaappearec^ 
and fo have been replaced by carbonic acid ; othi 
introduced into it perished immediately. On adding 
portion of oxygen gas to it other bees lived in it ; but tbej 
became insensible instantly on being plunged into carbonil 
acid, but revived on exposure to the air ; tbey periabe^ 
in nitrogen and hydrogen gases. Similar experiments, perJ 
formed with the eggs, the lavvse, and the nymphs of hiesf 
proved the conversion of oxygen into carbonic acid in all' 
tirMttstea. Tha larvie oonbumei moT«> ox.'jgeu \kux 
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<?|!(i, and leee than tiie Dvnipba, Eggs put into foul air lost 
their vitality. Larvie reaiated the pernidoua inflnence of 
uarlionic acid better than the perfect insect would have done, 
Imt llie nynjiihs died almoHl inatantly therein. 

These, and many other analogous experiments, prove that 
tlia respirntioa of bees has a similar vitiating effect upon a 
<!onfined atmoapbere, as the respiration of larger aninialB, and 
that beea require constant Bopplies of fresh air in the same 
manner us other living creatures. They alao require their 
dwelling to be kept moderately cool. When from any cir- 
CQiDBiance, such aa exposure to the bud, over -crowding, or 
the excitement produced by fear, anger, or preparation for 
swarming, the temperature of the hive ia greatly raised, the 
bees evidently Buffer. They often perspire so copiously aa 
to be drenched, with moisture ; and on fine summer nights 
thoaaanda o f them may be seen hanging out in featoona 
and clusters for the purpose of relieving the crowded state of 
the hive. 

On inquiring into the method adopted hy the bees for re- 
newing the air of the hive, Hnber was struck by the constant 
appearance of a number of the workers arranged on each 
aide of the entrance hole, a little within the hive, incessantly 
engaged in vibrating their wings. In order to see what 
tSeat a aimilar fanning would produce on the air of a glaaa 
receiver containing a lighted taper, M. Senebier advised him 
to conatruct a little artificial ventilator, conaisting of eighteen 
Hn vanes. This was put into a box, on the top of which was 
adapted a large cylindrical vessel of the capacity of upwards 
of 3,000 cubic inches. A lighted taper, contained in this 
Tessel, was extingoished in eight minutes ; but on restoring 
the air and setting the ventilator in motion the taper burnt 
bnlliantly, and continued to do so as long sB the vanes were 
kept moving. On boldiog small pieces of paper, suspended 
by threads, before the aperture, the existence of two currents 
of air became evident ; there was a current of hot air rushing 
oat, and at the same time a current of cold air -passing in. 
On holding little hits of paper or cotton near the hole of 
the hive a similar effect was produced ; they weTe i.in.-^'iai. 
towartie the entrance by the ia-going cwiTeaX., wA- ■^V«a. 
k3 
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they enconntered the out-going current they were repelled 
with equal rapidity.* 

These two currents are estaWished in the hive by the fan- 
ning niution of the beea' wiuga. The worlier beea peFf'inn 
the ofEee of veniilatora, and the numbet at one lime varies 
from eight or ten to twenty or thirty, according to the atata 
of the hive and the heat of the weather. I have frequently 
watched their proueedings with interest. Theyetalion them- 
selvee in filce, juet within the entrance of the hive, with thrir' 
heads towards the entrance, while another and a larger par^ 
Btand a considerable way within the hive, with their heft^ 
alao towarila the entrance. They plant their feet aa firmly u 
poeaible on the floor of the hive, stretching forward the first 
pair of lege, extending the second pair to the right and left, 
while the third, being placed near together, a; e kept perpen- 
dicular to the abdomen, so as to give that part a coiisiderabk 
elevation, then uniting the two wings of each side by ni 
of the small marginal hooks with which they are provide 
as to make iheui present aa large a surface as possible to thfl 
air, they vibrate them with such rapidity that they be* 
almost invisible. The two seta of yentilntora, standing with 
their heads opposed to each other, thus produce a completa 
circulation of the air of the hive, and keep down the tempera- 
ture to that point which ie fitted to the nature of the auimaL 
When a hj^iher temperature is required at one partieula; 
^t, as, for example, on tlie combs containing the yonng 
brood, the nurse bees place themselves over the cells, and hy 
iDcreasing the rapidity of their respirations, produce a larga 
amount of animal heot juat where it is wanted. Tbe carbonia 
acid and other products of respiration are got rid of hy 

TheiaboriouB task of ventilating the hive is seldom or neiv?! 
intermitted in the conimon form of hive, either by day or bjt 
night, during summer. There are separate gangs of ventii 

• I have repealed iJiia MtperiineDt more than once. The beea »re svldsaA] 
mnoyeii hy it, and e t>ee will aei^a hold of Iho linle bit ot paper, fly sou 
with it for J. few faet, and then limp it. Thia was done sBreral iHiiih brfort 
the bee became aware of the threail that suspended it. The be« then DttMd 
the Ihirad ti> my band, and prnneeded tr> attack me, vhan I jlHlded to Ibt' 
bmv» Hale fellow, and o«ued to umoy the U-n. 



VENTILATION OF THE HIVE. 208 

lAtOTB, enclk gang being ou duty for about half an bouT. la 
winter, when the beea are quiet, and their reBpiratiun only 
just sufficient to maiutnia vitality, the ventilatiiig process is 
not carried on; but by gently tapping on the hive, it« 
inmateB wake np, increase the number of their respirations, 
and coneeqiienlly the temperature of the hive, to such a 
degree, that the air becomes intolerably hot and vitiated. To 
remedy tiiis a number of worker bees go to the entrance of 

ind begin to ventilate the interior aa laboriously aa 
er, although the open air bo too cold for them to 
venture out. 

Bearing in mind the details given in the Introduction, 
and the conclusion arrived at (p. 10) that the animal frame 
is A true apparatus for l^ombuatio^, we can understand how 
bees regiiiaiB the temperature of their hive : when greater 
beat is wanted they increase the rapidity of their respirations, 
.-ords, they burn mote carbon ; but tUey get rid 
of the products of combustion, and also prevent the heat from 
dating by the process of ventilation. Bees in general 
maintain a temperature of 10° or 15° above that of the ex- 
ternal air ; but at certain periods this temperature ie greatly 
increased. Mr, Newport observed in the month of June, 

atmosphere was at 66^ or 68°, that the temperature 
of the hive was 96° or 98''. This high temperature arose from 
incubating on the combs, and voluntarily in- 
creasing their heat by means of increased respiration. In 
winter, on the contrary, when only just eu&ient heat is 
required to maintain vitaUty, less carbon is burnt, and the 
temperature of the hive is accordingly low. In one observa- 
tJOB by Mr. Newport at 7.15 a.m., on the 2nd January, 1836. 
when there was a clear intense frost, and the thermometer ii 
the open air stood a Utile above 17", a thermometer perma- 
nently fixed in the hive marked a temperature of 30°, or t 
degrees below the freezing point. The beea were roused by 
tapping on the hive, and in the course of sixteen minutes the 
liiennometer rose to 70", or 53° above the temperature of the 
external air. Ou another occasion, when the temperature of 
the hive hod to be raised to about 70°, the external air being 
(t 40°, the bees soon cooled it down to 57° tj fc«it TatAft (A 
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ventilation, and kept it at that poiat as long as the bive con- 
tinued to be excited. 

By this proceaa of ventilation also bees gat rid of noawi 
odonrs in ihe hive. Hiibcr found that on introducing iata 
the hive aoitie penetrating vapour diangreeabla to the bM»i 
they alwaya ineraaBed the amotint of ventilation until tlie| 
got rid of it. Humble-beea adopt the same method of &»- 
pelliilg pernioious odours ; but it is remarkable that neitlitt 
their males, nor those of domestic beea, seem capable of ndjig 
'their wings as ventilators. " Ventilation is, therefore," 
Huber, " one of the industrial operations peculiar to M 
workers. The Author of Nature, in assigning a dwellingta 
those insects where the air can hardly penetrate, bestows tht 
means of averting the fatal effects which might resnlt from 
vitiation of their atmosphere. Perhaps the bee is the onll 
creature entrusted with so important a function, and wbio 
indicates such delicacy in its organisation." 

The circumstances under which our rooms are placed, ai 
more favourable to ventilation than the hee-hive. WTietiH 
the ventilation be left to chance, or whether any 
apparatus be erected tor the purpose, the foul air must be 
rid of, and fresh air, adapted to the pnrpoaes of respiratioi 
admitted in Hufficieut quantity, that is, at the rate of abot 
15 or 20 cubic feet per minute for each individual in tb 
room.* We have seen in the Introduction that it is by t)i 
amount of impnrity introduced into the ur by respiration an 
combustion, and not by the diminution of oxygen, tbat air*. 
to be judged of as to its healthy or unhealthy couditioit. V^ 
have seen also (p. 13) tliat the quantity of carboaio ad 
expired by human beings varies with the age, sex, state I 
body, and sleeping or waking condition of the mdividm 
The uvoroge quantity may be taken at 637'5 grains per hai 
per hour corresponding to 1,029'6 cubic inches, at 32° M 
30 inches pressure. The highest average for an adult mi 
per hour is 1,208 cubic inches. Wax, tallovi', and oil p^ 
duce in burning about 200 per cent, of their weight of ca; 
bonic acid, or by burning 2 lbs. of stearine in 1,800 cub 

icr flnctaUEs in ttia -BilUoai of i 



9 ftet of air, the quantity of carbonic acid would amount to four 
M p*r Mnt. of tbe total volume, producing air as impure as if it 
W lad passed through the lunga. There is also another Bource 
of impority arising from the imperfect eombustion of our 
limps and candles. Perfect combnEtion produces from the 
ewbon of the illuminating material and the oxygen of the 
lir, carbonic acid, consisting of I equivalent of carbon and 
S equivalents of oxygen. Imperfect combustion produces 
carbonic oxide ^ 1 eq. of oxygen + 1 eq. of carbon. Car- 
bonic acid ia a heavy gna at ordinary temperatures, and will 
not support combustion or respiration, nor will it buru itself. 
Carbonic oxide is a comparatively light gas, and will not sup- 
port combustion or respiration, but is itself inflammable, 
liurcing with a lambent blueish flame, as may be sometimes 
ceen on the surface of smouldering coals in our grates. 
Both carbonic acid and carbonic oxide are poiaonons, bat the 
Utter is more so than the former ; one per cent, of carbonic 
oxide in the air being fatal to life, while from four to five per 
Cent, of carbonic acid will allow respiration to be carried on, 
titongh with difficultv; and even with much larger proportions 
of carbonic acid the air may be breathed for a short time. 

Taking it for granted that the carbonic acid and carbonio 
Oxide generated by the burning fuel in the grate are got rid 
of by the chimney shaft, and that there are no poiaonoua 
gaaea from sewers, &c., the question is, first, what amount of 
cftrbonic acid in the air of the room is injurious. The 
■iverage amount of carbonic acid in tiie open air is only i 
[lartB in 10,000 ; it is, of courae, much larger than this in the 
open air of cities and densely crowded districts, and probably 
larger still in every room and enclosed apace where people 
Are collected and lights are burning. No system of ventila- 
tioii will probably ever aucceed in making the air of a room 
BB healthy as the outer air, where Nature diapoacs of the 
waste products of respiration and combustion in the manner 
already alluded to (p. 11), in building up vegetation: tte 
rain and waters of the earth also abaorb much of the car- 
bonic acid and sulphurous acid ^vbich contaminate the air, in 
consequence of the great solubility of those gaaea. Writers 
are sot agreed as (o the minimum proport\ouoS cKJWniK. WE& 
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in the air tliat is injiirious ; some aay 1 per cent, ; othen cnlj' 
^ per cent., but either proportion is greal]y in excees oftt^ 
4 parte in IC.OOO, w hich we find in the air of a healiliy ooniil^ 
district. ChemiBts judge of the deterioration of tilt air by ' 
amount of the curbunic auid detected in it (see p. 15 aM'ji 
they have no means of estimating the animal eSluvia, TefeRvd 
to by Dr. Faraday (p. 20 atite) ; but it may Le taken V 
granted that the air of any room or hall, or piibKc buil^j, 
that affecis our senses un pleasantly, muat be unhealtliy. ~ 

A good system of ventilation must reduce tbe ptopot^ 
tion of carbonic acid in the air as much aa possible withtf 
producing otiier iiiconveuienceB, suoh as draughts to thft 
head, cold baths for tbe feet, or aJiy conaiderable lowerini 
of temperature. On the contrary, it oiust not only prodD< 
pure air from without, but must also niaintaiu that air U i 
equable mean temperature by one or other of the 
described in Part 1, A good syatem of ventllatiu 
over, muat adjust the proper equilibrium between thi 



the disBolved aquei 
one of the sourcea 
arises from tbe pre 



ua vapour, since there is no doubt tli4 
of mischief in a badly ventilated roOII 
euce of too large or too small a qnaotilj 



When air containa aa mtieh vnpnur as it can hold at a givt 
temperature it is said to be taturaled. The average amoDI 
of aqneoiis vapour contained in the open air in thie coiini 

* Profa««)r Rotcm lias deCGrmiaed 1h« Bmount of [hp cnrbosic liHd In 
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ttrnnglinnt the venr is about 82 pPT cent, of tlie total nmoiinl 
" i[ can ]wl\. Henc« it has been conoliutud that the 
aqneoiis vnpour uf ri)uins. &c.. artificially Luati'd, should not 
Vary greatly Irum this unonot. lu the warming and ven- 
tiUting arrangement of the House of Lor.la. Mr. (Jolds- 
^porthy Gnrney found that an agreeable atmosphere as 
tegards moisture is obtained when the difference between 
the wet and dry bnlb therm oraetere, at a working temperature 
Df 64°, is more than 3' and leea tbnn 9°. This corresponds 
Id an araoartt of aqueous vnpour varying &om 82 to 55 per 
ieat. on the saturnling quantity. 

Now the quantity of water exhaled hy a man per hour is 

ibotit 309 grains. The quantity of air a't 60°, half saturated 

with aqueons vapour, required to take up this 309 grains so 

aa to become ibreeTfourths saturated, is ahinit 280 cubic feet. 

Hence, in order to effect the proper equihbriuni between the 

I knd the dissolved aqneons vapour, about 321 cubic feet 

' ur most be given to each individual per hour. Thii, 

' coarse, refers to the watery vapours only. When thia 

"exceeds SO per cent, of the total possible quantity, the 

secessary evaporation and diffusion from the lungs and the 

pores of the skin is checked; and when the aqueous vapour 

n SO per cent, the exchange proceeds too rapidly, and nn- 

pleesaut sensations of drynesa are experienced.''* 

~'he sources from which a supply of fresh air finds its way 
into an apartnient may be acddenial or »pecial. natural or 
artificial. All opeiiingi not intended for the purpose of 
jlation, such as chimneys, doors, windows, (fee., may be 
eonaidered ae accidental or natural, and we have no precise 
information as to the aniount of ventilation derived from such 
Bonrces ; that is, how much fresh air enters, and spent air 
», from our windows, doors, and chimneys under given 
siroumatances. It appears, from some remarkable esperi- 
nenbi made by Professor Koscoe (on the suggestion of a Ger- 
man chemist), that a certain amount of gaseous diffusion takes 
place through brick and mortar walla. Aqnantity of carhoaio 
acid was evolved in a room of 2,560 cubic feet capacity ; 
there was no fire in the grate, the flue was closed, and tha 
moe. Repwtoa the ChBaical Belatioos o! Ven^^^c, lllKiYSn- 
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fotir donre and two windows were ehut. The carbonic tcld 
cMntained in the enclnsed air was determined at conaeciidrt 
balf-hoiirB ; et the end of the first hall'-lioiir it had diniiiiiibtj 
from 0'7 to 0'3 per cent, of the total vohime of air, airhungfc 
all direct veiitilalion was checked. After this the ainonotrf 
carbonic acid remained constant, pOBsihly fruai the c 
respiration of two persona in the room. The exchange a 
carbonic acid throngh cloaed windowa, doora, and ^ 
appears from this experiment to be very great. In order H 
form some idea of the amount of gaeeoua diffiiaion v 
takes place tlirough brick and mortar wallit, Roscoe delW 
mined the quantity of earhonio acid which diffnaea through! 
common brick. For this purpose a brick was cemei 
pitch into the end of a box. 3 feet long, 9 inches broad, M 
4J inches deep. The interior of the box was lined i ' 
pitch, and carbonic acid waa led into the box throngh tWB 
tubes cemented into the aides. After the box bad stood fiC 
Bome minutes, to allow the gas to diffuse equally throughoil 
the apace, a sample of the contained air was collected, e:' 
'which a similar sample was taken every hour, and 
quantity of carbonic acid ia each determined. In order ' 
exclude error arieing from any possible leakage in the ba 
a secand series of analyses was made in the aame wi^ 
except that the whole of the brick was covered by a layer ■ 
pitch, whereby the leakage of the box was determined, 
result of the experiment was that when the enclosed b 
contained 16 percent, of carbonic acid, more than 2 pen 
escaped in two houra. Another experiment with a piece t 
dried mortar of the size of the brick, and with bydroga 
instead of carbonic acid, showed that a still greater exohaajl 
took place than was found with the brick. Hei 
beneficial action of our brick and plaster walls is, therefor 
not merely confined to taking iip or giving moisture to thaai 
for they are eminently hygroscopic ; but a diffusive itrta 
chaDga goea on within the pores of the brick and mortar; i 
that our walls become, to a certain extent, an aid to veniilatio! 
The well-known uobealthiness of iron or new and dan 
houses may probably be, to some extent, thus accounted for,* 
*A earioia iUmtratJon of the poroOB aoadltV<ia ol ^t^asun oiSok^ 
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PV II hag been oommnnly nippoged that the heated carbonic 
tai formed by respiratifiQ, and by the combustion of lanipa 
tBii candles, ascends and forma an atinoephire of impure air 
il ibe upper part of rooms not artihcially ventilated at the 
; BO that persona breathing the air above the level of the 
iCfaimney opening were breathing a more unhealthy air than 
Be below anch level. It ia found, however, that (he known 
a of expansion of gaaea by heat, and of the diffusion of 
gMea, are anflicient to equalise the amount of cariionic acid 
throughout the encloaed space. Roacoe'a esperimenta have 
•hown that there ia no acciimulatiou of impure air in any 
partionlflr part of the room, as waa proved, by examining 
apecimens of air taken simultaneously above and below the 
level of the chimney opening in a room not artificially ven- 
dlated. This remark, however, does not apply to the air 
irious parts of crowded and heated public bnildinga. as 
way be seen by reference to the table at p. 206 note, where 
die air collected from the gallery of a crowded fashionable 
tbeatre was found to contain much more carbonic acid than 
K siiuilar specimen of air from the pit. In such case the car- 
bonic acid was canght as it were while being generated, and 
In a locality where it mingled its own proportion with that 
of the current ascending from the cooler pit, where the pro- 
fartion was already much in excess. 

This mingling of the variona layers of air in a room was 
inll made out in some esperiments by Mr. Campbell, an 
■COOnnt of which is included in the Report already referred 
He adopted the obvious method already described in 
Plart I., p. 124, of filling a small balloon with a light gaa, and 
weighting it until it was nearly of the same density as the uir 
In the etilleat part of the room. When placed opposite to and 
the fire, f. Fig. 80, the balloon expanded, ascended, and 
Bioved ateadily along the ceiling from the fire-place towards 
e or other of the windows, w, when it descended to the floor, 

DH may eameCiines be noticed in olil boatiea, wh«ro thn form of btary 
lau of iTood or rafteta is maile oiiC by tbo darker ciiluur nf the celling 

ntedialal; below ibem. The difEuiina of the giises Uirough the plaaUr 

wdnblv drugs Ibe dust with them, but on the pluslur IniuieiliHtdT below the 
MUn, the duKt nniild settle and aciamalate bj udhealQQ, tuA. t^ua u:,£inxA. 
br too dstker caloar. 
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moved towards the fire-plaoe, and agnin ascended. If 
one moved about the room, or if there were a draught 
s door or window, or other slight disturbing cause, 
direction of the balloon was Botnewbat altered. As 
motion of the balloon indicafee the motiou of the air, 
foUoWB tliat air near the fire muat be coniiiiually a 
snd " 8S it can neither eBcape nor accumulate at ih 
it muflt flow from the place where it aacendB, that is, ft 
above the fire-place towards the windows and walls, where 
contracts and becomes heavier, falls by its own weight, 
ia forced downwards by freah quantities of heated air, 




Fig. 80. I 



II vranoeil by an open firo. 
In like 



panding and following in the same tract, 
becanse air cannot accumulate on the floor, the descei 
onrrenta at the windows, and those originating there 
the coldness of the glass, must give rise to cnrrenla movi 
towards the fire-place near the floor, in the direction 
which the balloon actually moved; and, further, any 
in the room must cause movements in the air, such as wei 
shown by the movemenls of the balloon. If, then, the air 
a room he circulating ihns rapidly, foul air cannot accumntal 
in any great excess at any part of it, but, on the contrary 
mSireat qualitieB of air miut be epeeiJ.^ TOaLei." 
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FiUmenU of floss silk about 6 inchca long, teneed out and 
IMhda very tine, were fastened to tbe ceiling' {as in Fig. 81), 
and also tu pens attached to a pule reauhiiig from the floor 
to ceiiing, while oihers were tastciieil to the mantelpiece. 
Where the air was Bta^najit the ends of the viuiea puiuted 
doWQWards, where it was descending they pointed down- 
warda and moved ahont ; where tlie air was moving hori- 
smttsiiy the filaments were bent in the same direction, and 



Fig. 81. ■ 



Lo ceiling. 



"Vote more or leaa bent, according to the force of the moving 
power at dift'crent poiiita. In ascending air the vanes 
pointed npwarde. Here, too, it was evident that the air was 
rfaiiig at the mantelpiece and flowing rapidly along the 
ceiling in lines radiating from a point ahovp. the fire. It 
was further remarkahle " that the ventilator in the chimney 
*»e not drawing air from the ceiling so as to interfere witli 
ike direction of vanes pasaing close to and above it, which 
pointed directly away from it." (See v.. Fig. 80.) 

The force of the current, the existence of which was tTina 
■Mertutned, was measured by an anemometer (Fig. 82) 
fiirmed by a piece of cardboard, 0, of known dimensiouB, 




H roepended to one arm of the hcsm of a balance, and placed at 
W ibe edge of the niaiilelpiece in the aaceuAmg cn.xTe^iX. "^^^ 
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graduated stem of a broken tbermomeler, I. waa fluspended to 
the other end of tlie beam, and was placed in a glaxe veeei 
containing water ; weights were placed on the cardboard ti 
the zero point of tht graduated stem was level with the eiu 
face oF the water. The degrees were read with the asiiiBtsiit 
of a magnifier, G, and the number of degrees moved iodicata 
the force acting on the card. The value of each degree Wl 
found by adding weights to the card. In this way it W 
aBcertained that the force of the upward current at ti 
mantelpiece was considerable, and that it varied in elren^ 
It was strongest in the centre, bnt extended to both sides 4 
the mantelpiece ; this upward current bad a force of from li 
to i^ grains to the square foot ; the force dimiuiehed as I 
fire got low ; but the same action went on even whea t 
fire was extinguished. 

The currents were made -visible by means of a fbmm 
apparatus conaistiug of a sponge filled with muriatic i 

suspended over a small basjo a 
ammonia. This is a better e 
trivance than smoke, which, whffl 
warm, moves independently i 
the general current in 
The fumes showed the same c 
rents as before, and also an eddv 
above the mantelpiece (Fig. 88 
fiilliug along the wall for about 1 

■ On warm days, when : 
stin shines on the carpet throngl 
thewindow8,and no fire is lighu^! 
the currents are reversed, Thoi 
parls of the room where the cu 
pet is warmed by the sun becom 
the warmest. The air there ascends and flows from the wifl-j 
dows along the ceiling towards the ventilator, which worbl 
freely, opening and shutting at abort intervals. The dr 
then enters the room by the chimney and escapes by tk« 
doors," 
£iit when tbe Ore is lighted li^z w^oVe mx t£ tHe mom ta ii 




Fig, 83. Eddy 
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rapid cireulatiot), much more so than when there is no fire, 
and the experimenta Beem to show "that an open chimney 
with a fire lighted will serve to remove fonl air from dwelling- 
it any special opening communicating with the 
vhtmney from the npper part of the room." If this be true 
the chimney valve, wliicb haa been BO much advocated and 
» nmch used, is of little or no use. 

The qnantify of air that eacapes from the room up the 
ehimney ie very large, and Mr. Campbell's experiments show 
tliat when seated by the side of a comfortable fire, ourrenta of 
intly streaming over the surface of our bouiee. 
No wonder that colds and rheumatic affections are so com- 
1 every household, under the usual arrangements of 
the fire-place, and that a cold will often run through the 
whole family at the end of autumn when fires are begun for 
winter. An anemometer placed in the chimney of a 
room in which the fire was lighted showed an escape of air 
from the room of 1,004 cubic feet per minute. In another 
3 there was no fire, but while the chimney wag 
yet warm, the instrument was held in the chimney about 6 
inches down, and it appears that 12S cubic feet per minute 
were escaping from a room whose cubic contents were 
10,159 feet, so that in about an hour and a quarter the 
quantity of air which escaped from the room was equal 
mbic contents, X>i. Eoscoe has shown that the 
different qualities of air in a room were equally mixed, and 
Mr. Campbell's experiments tended to confirm bis conclusione, 
and he thinks that no special ventilation beyond that of the 
^ironey is required, so long as the chimney is warm, pro- 
vided means be taken to admit the outer air freely, and to 
warm it before entering " to save fuel," as it is said, but we 
should also add, to prevent cold draughts to the persons of 
the occupants, especially to the feet. 

No eiBcient sysiem of ventilation can be devised until it is 
agreed how much fresh air per minute is required to be eup- 
phed to each individual for the purposes of healthy respira- 
tion. That is, the quantity must be setded as regards the 
building or room required to be ventilated, since the quantity 
9 each individna] must vary according oa tb« eii<^VQ»ii& %\iWft 
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mded to raise the amount fo 58'85 cubic feet, j 
the military hospital of VineeiiDes the ventilatiou has been 
much as 70'62 cubic feet per minute. This proved to b* 
inconvenient, and the medical of&cer required tliat tlMk 
quantity of air evacuated abould be reduced to 17'tifl cobis 
feet per head per minute. This was tried for three 
and found to be insufiicient, especially in the fever wuda^ 
The ventilation was then readjusted to the rate of AbOD* 
35'31 cubic feet per minute per bed, 

Of course where gas is burning an allowance muat be tatSi 
for each burner, which not only vitiatea the air but twi 
the temperature. The result of numerous experimenta 
the theatres of Paris has shown that a supply of 17-6S cnbi 
feet per minute to each spectator will be sufficient. " 
must, however, be taken (o raise the temperature of 
incoming air to about the normal temperature of the encloHA 
space, and to distribute it in such a way aa to prevent tbft 
currents from being felt : means must also he provided Ibff 
increasing or diminishing the ventilation at will within certui 
hmits. Hence, too, the neceeaity of intelligent su per vision, fi 
it often happens that the most cosdy arrangements if leK I 
themselves will go wrong, while if regulated and controlU 
they will perform their part admirably. Uence in evei 
public establishment a skilled superintendent should have tl 
charge of the warming and ventilating arrangements.* 

General Moriu considers that 20 cubic feet per bead p 
minute is not sufficient ventilation in the aleeping-roODU « 

Ri relat« a com in pdnL 
lOSt perfect appuatm fbm 
rwberenenii, and nhich pruferaed Ki supply between 4,000 aod 5^ 
uuuiuieet a! air per bed per hoar, the aUnuephem of the wanU wufOoatl 
be nn^niuit and foul. On poiDling this out, an inquirj' was inatili ' 
when It appeared that one of the valvea of the supply pipe had been Ml 
pered with, apparently for the purpose of saving fuel by dlminlehicigH 
quantity of wann air eapplied la the sick. In some priiDa cdl^ 
Biia^oners did not And the air by ODy means eo fresh as it ought Uthi 
■Dd in some iustaaces, where the ventilatloa was dependent on a fire. 
gaa-lighit, no one had tikea the (rouble to light them, so tliatthe ventlli 
■force had ceased to act, and the cella or rooms were virtnallj Dnvei 
In two of tlie Iheatrea of I'ariii, where aa elaborate syslemof ventUat 
been coii:.trucied at the enpenee of the city, and which depended on 
Dp two Br« which acted aa the ventilariagfuroa, the BresBOon oOBia 
lighted, and I)ie uncomtonable condition of the crowded Intetierwui 
^ttribatad to the f«llnro of the nnthoA •dn^Wi tw ^ikbJ.\«(Atii. 



btiT&cIcs, and lie proposes to raise it to 23'54 cubic feet, vritli 
na for increaaing' the volume under certain circumstancps, 
which he thinks might be done by connecting the ven- 
tilBting apparatus with the heating apparatus of the kitchen. 
Experiments made in the stables of the Omnibus Com- 
pany at Paris showed that a renewal of the air amounting to 
from 94-16 to 111-81 cabic feet per minute per horse was 
about sufficient to keep the air fresh, and at the proper 
temperature and hygrometric state. 

In all the above results, it was found that when ventilation 
was energetic, the vitiated air, compared with the fresh air 
•ent in below, had an increase of volume in the proportion 
to 2. The vitiated sir, as already noticed in the experi- 
' ments of Leblanc (p. 14, ante), is in a state of putrescence most 
dangerous to inhale. General Morin's assistants have been 
exposed to considerable danger from this source, one of them 
baviog been struck down in a state of asphyxia, and another 
made very ill. This will give some idea of the kind of poison 
are liable to breathe in crowded rooms and asaembliea 
where no special arrangements are made for ventilation. 

The art of ventilation, in its simpleHt form, consists in 
letting out the foul air of an apartment or other enclosed 
apace, and bringing in fresh air in such quantity ai not 
■ to prove disagreeable or injurious to tbe occupants. Some 
writers divide the subject of artificial ventilation into two 
briuiGhes, which they call the plenum method and the varuvm 
aiethod. By the first, air ia forced by mechanical oontri- 
;es into the interior of a building, and the vitiated air is 
allowed to escape by openings contrived for the purposs ; or, 
to epeak more accurately, the force or impetus of tbe incoming 
> ought slightly to compress the air of the room, and assist 
le efflux of the vitiated air. By the second method the 
vitiated air is drawn out of the building by means of mechani- 
:oDirivances, or by the agency of heat artificially excited, 
W simply by its own levity, and the fresh air thus finds an 
^trance through channels adapted fur tbe purpose. 

~'here can be no doubi that the introduction of mechanical 
apjiaratus, such as bellows, fans, pumps, &c., either fur driving 
in fieih air, or tor extracting foul, ia ul)jecUoa&\iVQ, ua'w cix^ 
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from llie liability to get mit of order, Lat also from the super 
intendenee reqiiireii. Ttiat method miiBt be conaidered i 
the best, for private houses nt least, which la aelf-actiiig ; whi[ 
f p W h 'Id' tl e eelf-acting method should atill I 

ad pt ! Ij t 1 er, to a certain amount of control g 

til p I f t nt officer. The aelf-aoting piincipl 

ra t d p d tl at which regulates the draught of o 
am k fl i tl himnej'H of our lamps, namely, that | 

g n In f expands and becomes lighter i 

h at d, 1,000 b f tof air at 32^ becoming 1366-5 onK 
feet at 212°. Moreover, a cubic foot of air at r 
fiti9-2 grains, while it weighs 557-8 grains at 40°, 646'. 
grains at S0°, 636'3 grains at 60°, and 526-2 grains at TO 
the pressure as indicated by tlie barometer being e 
Hence it will be seen that a cubic foot of air at 40° ia lb 
graiiisleflsin weight than at 30°, and this differ ence in weig 
for each successive 10° becomes less, until between 60° m 
70° it is 10-1 grains. 

^e have aeen in tlie Introduction that the aacendlng « 
descending currents in air and water depend on tl " 
ences in temperature, the warmer fluid ascending, and tbi 
colder and heavier descending. Ventilation of rooms ■ 
buildings, and the warming of buildinga by hot water, depend 
on this principle. The greater the difference in temperatnr^ 
the greater will lie the difference in weight, and the mora' 
rapidly will the current flow. But these heated ascending 
currents readily part with their heat on contact with cold 
Burfauee, such as windows and outer walla, and ascendlnp 
currents became quiekly converted into descending ones. 

Air being thus liable, from its excessive mobility o 
quent on the small size and independent action of its particle^ 
to he acted on by beat, to expand and to contract, to obej/ 
as it were, the beck and call of every colorific agent near or 
distant, is liable to expend its moving force in whirls au 
rotations, or to waste its travelling energy in the friction d 
its molecules on each other, or on other Bubstances. Ii 
circulation of air these whirls are inevitable, hot our a 
ments shuvild he such as to favour them aa little as possiUi 
Than in our Traste Air cbanneU vie k\\ovi\& B.^a\d chftng« s 




ir pasalDg through a grating. 
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direction, obstructiona, and rongtinesBee, or anj 

leads tu inequality in the currents 

of air themaelves. 

eacapea, niul Htill nil 

pelleii, throagh gratings w 

openings are uf the 

siODS aa the closed spaces, the air 

becomes ohstrucCed and rpfiected 

in [taseiiig, and forms whirls and 

eddies when passed (see Fig. 84), 

BO that its vis viva becomes quickly 

expended. Even when air is propelled by iHHoliinery alongf 

a channel into a room or other wider space, it readily 

waste a itself in these 



ihown in Fig. 85 
"When, on the contrary, air 
passes frutD a colder into a 
warmer apace along a tube 
of good aize, the particlua 
move in lines which con- 
Terge towards the opening 
of the pipe in varioua direc- 
tions, and with no very 
great rapidity (see Pig. 86). 
M this way there is a aort 
fljdranghl; or snction in 

'"■ectionreqnired.with ^^g-^B. Airpassi 




r from a colder into 



r l&olliplying these snpply-pipes, the velocity can be diminiabed, 
llw BOpply increaseil, and the persons present aiipplied with 
^esfa air witbnnt being annoyed by draughts. 

But the grand point is to get rid of the foul air, for if this 
te done, the fresh will flow in without much difficulty, since 
in every ronin or enclosed spaca occnpied by a warm-blooded 
animal, to say nothing of fires, lamps, and candles, the air is 
leas dense than that outside. Gel rid of (he bad air is the 
maxim of every aoniid ventilator, and Morin wisely insieta 
upon this addition, Get rid of it at (fte uery spot uiheTft i.V « 

' ^imeraled. As, for exnmple, in tlie ward o? ti \iobyA^,'^* 
L 2 
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infected air should be removed, not by one or two & 
air ehafta, however capacious, for id such case the foul 
may creep from hed to hed, and do its deadly work befin 
finda its way to the air shaft, bnt every hed should hai 
special ventilator comnmnicating with the large cent 
lator, so that the foul air is got rid of as soon as eng-enda 
Then, again, it is important to determiae the spot where, 
fool air is to be discharged. The discharge pipe must n 
near the supply-pipe, or the foul air will become mil 
with the fresh, nor near the heating apparatus for a el 
reason. All these arrangementa, which are comparatively' 
in planning the building, if the architect will only condeai 
to study them, become diSicult when the hailding is abt 
finished, and the ventilator has to supplement tbe archite 

The different channels by which the foul air iscoUected sin 
open into one general foul-air shaft, and be eo arranged a 
to draw upon each other, while the collecting shaft should I 
sufficient force to draw upon all the feeders. 
liable to have its action upset by wind outside, or the opei 
of doors and windows inside ; that is, means must be provii 
either hy a fire in the discharge shaft, or by a fan, to ea 
it Eo draw upon all the subsidiary shafts in the building. 

Arrangements for public buildings should admit o 
tion according as the number of inmates fluctuates 
private dwelling-houses it will always be easy to coal 
the fresh-air shaft at a certain point within certun lit 
Knowing the temperatures inside and outride, however I 
the former exceeds the latter, it will nearly always be poa^ 
by a proper adjustment of the orifices of the fresh-air pip 
bring in such a volnme of air as may be required without 
further care, and without having to look after any ineab& 
contrivances, such as fans, &e. 

The question as to what part of the room the fresh > 
to he admitted is not so easily answered. There la no d 
that if the fresh air has been healed to 100° or 120 
upwards, it must enter at a higher level than the lung 
the persons present, or it will produee great personal' 
cujotiirt. lis levity will cause it to rise and temper the 
tur of the roum before it Eeela t^« \u&aBu«% of <ht<l 
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cnrrent. CurrenU of lot air entering tlie room near tlia 

iind are almoet as iotoleralile aa cnrreuts of cold air iu a 
■imilar poaition. The former produce unpleiiBanl ecnsationa 
■bout tbe cheat, head, and eyea, and the latter act as a culd 

1 to the feet and lege. Iu theatres and other plaees 
where the air enters by numeroua oriQcea in the fioor witli a 
Telocity of 1 foot or IJ foot per niinnte (sufficient to hend 
the flame of a candle 45°), peraoiiB exposed to it are liable 

Eonlract rheumatic affections in the reins and lower 
extremities. Moreover, air admitted through the floor, 
whether cold or warm, is apt to raiae the fine dost of the 
floor BO aa to irritate the lungs. In fact, the French engineers 
are agreed that the fresh air, whether hot or cold, must not 
"be introduced at the level of the floor. 

Tbe question as to what point or points of the room 
to introduce the fresh air, is further complicated by tlie 
fact that our winter arrangemenla for warming and venti- 
lation do not always eoit the ventilating requirements of 
tDmmer. Ventilation, in fact, is more diffiuult in Hummer 
than in winter, as the incoming air, being more heavy, la 
Halile to Bulieide and puss out without being diffased. Mono 
recommends that in summer openings communicatiug with 

outer air should be made in or about the cornice, so as 
to bring in the air in the form of a thin sheet, or in nnmeroua 
threads, so as to spread over the ceiling, and gradually sink 
to ventilating openings placed at a lower level, where it 
wonld escape and drag with it the vitiated air, whether tight 
or heaTy, We have already iu the Introduction stated soma 
objections to this method ; but we are bound to ailmit that 
in the case of an efficient metliod of ventilation, our opinion 
may well be reconsidered, seeing what grave ohjectiona 
belong to the method of admitting cold air at the level of 
the floor, aud where, moreover, the ventilating openings, 
if nuder the control of tbe inmates, are almost sure to be 

led or stopped up. In a very able report of the Uora- 
miBsionerB for Idiproving the Sanatory Condition of Barracks 
ud Hospitals,* the question was carefully considered as to 
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where [he inleU for fresh 8 
tho cuurse of the air curri 
ceiling, such aa thn 
a little way down, i 
8ai>n ceased to exieC 
diHtance from the 
r and diaappea 






r ahould be placed. On tracing 
ir currents prudnced by inlets near tba 
ue cuuaed by drawing the wiuduw-suh 
t waa found that the air thaa admitted 
aa a distinct current, for at a very ahort 
nlet it mingled with the general mass of 
red, Conaidering also, from the experi- 
ments already noticed, that the air in a closed room with i 
fire revolved in spheroids (as ahown in Fig. 80, page 210)» 
and that an open fire-place thus tends to preserve the air^f 
the room in an average state of purity and teniperature-r*] 
considerinff, too, that every room was to be provided with 
capacious foulrair shaft — it was determined to place all inlffi 
of air close to the ceiling. The form adopted was that of ira 
or perforated air bricks of different sectiuna! areas, accordin 
to tlie number of men the room was intended to contaiu, alio* 
ing 1 square inch of opening for every 60 cubic feet of conteoi 
of the room ; but 1 square inch to every 120 cubic feet i 
the room was deemed sufficient if air from without wM 
warmed by passing round the fire-grate by one of the luethot 
already described in Fart I. Two or more such inlets wei 
recommended, one on each of the opposite sides of the nm) 
but not opposed to each other ; and to prevent dranghls, eu 
inlet was covered by a wooden cornice several times il 
length, sloping upwards to the ceiling at au angle of 46°,»i 
upper aide formed uf perforated zinc, witli holes from 
eighth to one-sixth of au inch in diameter ; while slill fnrtbn 
to breakup the force of the c 
the front of the cornice oppucit 
the inlet was of wood. T 
of perforated Bino, through whid 
the air passed into the room, wi 
from lliree to six times the area i 
the inlet froiii the outer air. EHg.£ 
ehowB the ventilating cornice ot< 
the inlet, with the front of diagoo 
ends of wood, find tjie upper SQ' 
face of perforated zinc, escept opposite the inlet, where It 
of wood. In S' new builtting t\itae \a\e\& -wo^iV^Xm m^wIs i 
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the tLickness of the WiiUa Ly m 
m required ; each one on the 
lueide to be fHOLil and fitted 
wuU iron or slate louvres Ij 
inches apart, al >ped upn arils 
toward the (.eihng and capable 
of being Llosed at pleasure 
JeuniDgs air brKke t<ig bH 
maiy be ueed or Sherrmebum s 
Tentilatora to be alterviards 
deucribed 1 1^' 8 ) ahona the 
inlet m sectioo It is a per- 
Ibrsted zinc cover mlbin the 

im and a valve \ and cord 
-working on puols f r tloBing 
the mlet The \ahe la weighted at 
It will full dsnn to the 
poBition ehoiMi by the 
dotted line and leave the 
inlet open nhen ojt pur- 
pOBflly raised and held by 
the cord The valve, 
winch mav be ol zinc (jr 
galvanised iron hlioiild ht 
very 1oobp1\, so as t> 
leave, when il std at 
ksBt from half an inch 

in inch hctneeu it and 
the Bides and buttcm of 
Qie inlet buins i is a 
grating fur pr lentin^ 
birds from bmliiing in the 
Opening ; b w the external 
wall, and o the ceiling of 




} upper edge, eo that 




For the discharge 
fiinlairtheCotLiii 
Tecomniend shafts made 
of tbree-qaarter inch deal, very amootU laavie t^K^. ^"^, «*■ 



Fis -" 
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glnz"d pipes Iinilt into tlie wall at an angle of the room i 
far aj pu^uible (roia tiie inlet <ipi:uiriga. Tlie Stiuti 

______ of eauL ehatl Ui:peLnlB on tbe cubic couteul 

of the Tuuui ; such aa 1 iucli to every f 
cubic feet of room space ou the top floor, 
incb to every 53 cubic feet for the uexl f 
and 1 inch, for every GU cubic feet of b 
for the lower floors. When the wiuii 
were opened, it waa found that there wi 
very little upward draught in tijeae shafts, fa 
in such cases the temperature of the r 
very nearly the same as that of the outer air 
hut when the windows were closed and t 
rooQifl were occupied, the current np th 
energetic. In rooms in the Wellington BarraclE 
for example, with a cubic capacity of 7,920 cubic feet, 
quantity of air equal to from S,000 to 9,000 cubic feet p 
hour passes up the shaft. Each shaft, therefore, removed ft 
the rooms about 600 cubic feet per man 
the rooms being occupied by thirteen men eBch 
while the chimneys removed a similar quantity pi 
man. The fouUair shafta ai 
carried from one angle of th 
ceiling to 3 or 1 feet abot 



Fig. 90. Porlion 
of Foul-Air Shaft. 

shaft 





. 91. Shaft and tnlela. Fii;. 9S. ArrnnTPrnpnn* tat 

Warming ami Venlilaling. 

the room, and are protected hy louvres to prevent the 

beatincT down. Fig. Dl will show the relative position 

aiTHiii^enseiita of the shafts, e s', snrt in\e(a, \ \ t,o 'oA^v^ ttM 

nailing of each rooio) ; while Fig. 92 B\iu^a 'Caa 
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tent for yentilating anU narniing a barr&cfc-Toom ; 
I the cold Bir mleia, 2 is an inlet for air from the 
itle to be wariued id a epace biihinJ llie fire-grate (see 

79, p. 19&), aud 11 wUl be seen tbat this air, after Laviog 
k warmed, passea up an air-flue id the walla, aud is 
itted into the room through the lomre, 3, placed a little 
sr the ceiling. The outlet foul-air shall ib Bhown at 4. bat 
ehould be placed as far as poaeible IroDi the fire-place. 
1 practise it was found necesaary, to present the anooyanCB 
Inced by occaaional down draughta in windy weather, to 
B the entrance to the foul-air nhaft at tlie level of thft 
ng in the form of an inverted loovre, as in Fig. 1(8. 
in, who has studied theae arrangements, and approvei 
hem in principle, bat has adoptpd some variations in 
il, quite admits the necessity of getting rid of the old 

of introducing freah air at the IlvpI of the floor. Hti 
a he would form in the outer Vkoll at the level of (b« 
, but would mahe debonche into the room at the ~ 




necessary, however, not only fo distribute the ventilalinj 
opeuingH BO as to prevent drauglits, but also to make them 
of larger prnportiooe or in greater oumber thao bae hitherto 
been supposed iiecessaTy, There should also be a decided 
di£Ference between the temperature inside compared wi 
that outside ; and aa the velocity of the inflowiug air 
proportional to the sqnare root of this difference of tempei 
ture, experience ahovi'a that the velocity of the iiifluwing ail 
is often less than that of the air in the "foul-nir Bhaft. Thera 
mnst be a certain proporcion between the Eizea of the fresh' 
air channels and foul-air shafts. The eectioua of thi 
channels munt be made in the inverse ratio of the velouty 
which the differences ia temperature require, but aobject t» 
variation with the Heaaona. It ia, however, fully admitted' 
that in a building of several stories, each story must have its 
own fresh -air shaft, or if tbei 
building, it must be divided in the direction of its length, 
BO as to form separate and independent channels, 
tbia be done, one floor may so overpower another as to draWf 
not only its own supply, but also on that of its neighbour. A" 
remarkable instance of this kind is given in the case of the 
nea, where tlie fresh : 
al shafts tn the partition walli 
seing under the floor of t 
IS found that while on the 
■ per bed per mipute was ei 
ly 129 cubic feet on the secuui! 
the third. Buoh an irregularit] 



Military Hospital of Vine 
conveyed by means of ver 
with horizr.ntal branches 
Btory. In April, 1860, it 
floor the quantity of fresh 
to 8-24 cubic feet, it was m 
;ubio feet 



would not have hnppened if the shaft bad been divided inti 
distinct channels, one for each floor, or if some kind of regig< 
tering apparatus had been placed at the hoitqm in the moiitf 
of each sliaft, both which arrangements have since be 
adopted with success, although there bos been a loas 
velocity in the air in consequence of the subdivision of t 

General Morin approves of the method, where it can 
adopted, of establishing mixing chambers for mingling t 
cold air and fhe warm in proper proportions, both aa 
temperature and moisture, before odiuiUtng U vctn Uie roomf 
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whict are to be ventilated. Tiiia method, originBlly adopted 
in the ventilation of the Houees of Farliamect, ae will be 
described further oa, has been used will) siicceis in eome of 
the public buililiogB in Paris. With respect to the tempera- 
tore to which the air should be raised, the varying feeUngs 
«f individiiHlH cannot be taken into account. In rooms 
■warmed by means of an open fire, the ventilation proceeds 
more rapidly in pruportion as the fire ia brisk ; and under 
inch circnni stances a higher temperature can be maintained 
vithoat inconvenience than in roiuns warmed h}' hot air 
^m some distant part of the building; but even in such 
BS] if ventilation id active, a higher temperature may be 
aintained than when it is sluggish. Moria gives from 
i^lo 71"8° Fahr, as the temperature which will, under 
most circumstances, be found to be the most agreeahle to 
maintain. 

Where cold air and air artificinUy heated are brought into 
:he same apartment, ihey should be thoroughly mixed, for 
■which purpoi^e they are made to flow along the supply pips 
a direction parallel to each other, the pipe beiug divided 
hy a wooden or other diaphragm for the purpose. Thejiot 
lur muBt occupy the lower division of the pipe, so that, when 
they mix, the warujcr and lighter air will rise up into the 
cohler, and the common current will have a mean tempera- 
tore, which can be varied according to circumstances. 

A good deal has been written about the advantages of 
obtaining a supply of fresh air for ventilation from a height 
of 50 or 100 feet. Dr. Eeid adopted this method, and it 
haa also been applied to the new buildings at Quy's Hospital, 
London, where a hollow abaft has been erected to the height 
95 feet, down which the air rushes, and ia warmed by 
hot-water apparatus below. One argument for this plan is, 
that the air thus taken from a height is fresher and cooler 
than at a lon'cr elevation. This is a mistake, especially at 
mght ; for it was discovered by Mr. Sis, os long ago as the 
r 1763, that it is often considerably warmer 200 feet 
from the ground than on the ground itself. Prevost and 
Pictet made similar observations.* Becquerel has also 

Jo a Tolnine of this series, pHbliihed \n 1B63, entHiei. " txvsi^sajsnii^ 
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recently commiiniPnted to the Academy of Sclpnces at Pari 
the fact that, under a clear sky hy ni^ht, and also suiuefime 
by day. the temperature of the air increases in aaceDding 
within certain limita; that from the surface of the gronod tt 
the height of abont 62-5 feet the temperature ia eenuM] 
Mcifortn, winter and aiimmer, the tendency, however, btia, 
rather to increaae in aacending within these limits ; aod ' 
wonld be necessary to rise to the height of between 400 a: 
SOO feet in onler to get a reduction of 1° 0. ExperiiDentl 
tried at the Coneervaloire des Arts et Metiers at Paris showed 
that outside the window of the second floor, 61'G feet front 
the groand, the air was rather higher in temperature than 
that outside the first-floor window, 27 feet from the ground. 

If, then, we cannot claim an advantage fur air taken from 
an elevation, on account of its superior coolness, there c 
no douht as to its advantage on account of its superior 
purity, since it is not ao likely to he contaminated with th* 
emanations from aewera, and nnmeroas offensive waste pro* 
ducts on the surface. It is nearly always objectionable to 
have the source of supply in cellars and other places low 
down in the building ; but as it is often necessary to havs ' 
the hot water coils or other heating apparatus in Uiiftl 
position, it may be difficult to avoid this. But, in msnyif 
oases, it may be possible to have a channel, if only of canvaa^ 
communicating with the outer air. 

In the method of what may be cafled apontaneons ■» 
lation, where an opening is made for the escape of the h 
vitiated air, suflicient attention is not bestowed on the forn 
of the ceiling ; and where a chimney valve is introduced, i 
is nearly always too low down. Suppose the room to b 
turned upside down, and filled with water, the question ii 
Where ought we to place an opening that would 1091 
effsctnally drain off the contents? Certainly not where tb 
chimney valve ia usually placed, for that would leave eerera 
inches of stagnant water. If level with the ceitin_ 
the water would escape by the chimney valve ; but if tbj 
ceiling were flat, as it usually is, there would still be ehallovi 
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pools of Btagnant water that could oniy be got rid of by 
evaporation. When we waut to pour water iuto a hotde in 
thu Bhorleat possible time, a fimuel is nsed ; and its shape i( 
admirably adapted to ilH purpose. So alao, when we carry a 
light ou a juumey, we use a lantern. wld«h is a perfect 
BMmple of a wed ventilated portable liglithouae. Our 
eeillngs ought to be constructed on similar principlea for 
draining off hot vitiated air. They ehould not be flat, nor 
should tiie foul-air paaeagea be on a lower level; but the 
ceilings should be dome-shaped, coved, arched, groined, or of 
the form of a truncated pyramid, as atiowii in Fig. 96, so aa 



I Fig. 96. Beat form of ventlUdcg Calling. 

_ in the centre ; and at the centre, or most eleTtttfl 

point, the ventilating tube, t, should be placed. When 
carved lines are not used, ceilings of thia form ought always 
to be adopted ; they are not much more expensive than flat 
ones ; they have a better effect, and are vastly superior as far as 
■ventilation is concerned, supposing an opening be made in 
the central or highest point for the escape of the vitiated air. 
In some of the old buildings which still escile the admira- 
tion of persons of cultivated taste, by the beauty of their 
arrangements and architectural details, we sometimes meet 
with special provision for ventilalion, arrauged on the tniest 
principles. Thus, in the " Hall of Baths " in the Alhambra, 
at Granada, the roof is perforated with ventilating openings, 
and is not only of the best possible form for the purpose of 
■ventilation, but the openings themselves are of the beet 
possible shape, being wider at the lower Extremity than at 
the upper; and in order that theae open\uga to&'j -^lieftwA ■*!& 
least poBsible antonat of friction to tbe outgoVn^ w.i.'Oq.b'j b.v 
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provided witli sliort tubes of baked earth, covered with a 
green vitreoua glazing. Thia beautiful roof ia bLowu i 
Fig. 97, and iwo of the elegant veDtikdng tnbes are flhoi 
separately on a larger scale in Fig. 98. 




g. 97 Roof of th 



1 in tlie Albsiubcii. 




Tredgold, who has many sonnd and sotoe unsoDnd v 

, the subject of veutilatioD,* saw the necessity of atteodin 

to the form of the ceiling, an 

of placing the ventilating open' 

iiig in the highest pioint. 

gives some senBillo direotioi 

for the ventilation of a churd 

which, of coiifEe apply equal 

to any other public buildin) 

Kg. 88. Venlilating Tubes, and, to a certain extent, 

private houses. He advises that the spaces for the edmindo 

of cold air he abiindanlly large, and divided as mucb t 

possible; but he commits the common mistake of placii) 

them in or near the floor (see Fig. 100), so that the nir on 

not have to descend upon any one. By making the openini 

large, aud covering them on the inside with rather close win 

work (sixty-four apertures to the square inoh), hi" iniagini 

that most of the current may he prevented ; and that it nil 

'"WarmlBg uxd Venlilatlng." Seconi wliiion. \«ii4oa,'«aft. 
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be still further prevented by bringiog tubes under the 
paving to admit freaii air into the central parts of ihe 
ihorch. He aays nothing about cold feet, altboiigli he 
idvisea that these opeuiuga be provided with ahuttera, so as 
to doae ihem when deairable, forgettirjg that, with such an 
Brrangemeut, the slitters would probably never be opeued, 
^ovtsion should be made for the escape of the warm air at 
^fEbreoC pnrla of the ceiling througli air-trunka furuiabed 
wilh registers. The form of the month of the vent tube ia 
ftarcnlar aperture, with a balanced circular register plate, 
V (Fig. 9'J), tu close it. This plate sbouhl be larger than 
the sperture, in order that the air may be drawn into a 
horizontal current, for the purpose of taking away the portion 
of air next the ceiling. If the tube were left wiibo'jt a 
plate, the air immediateiy under it would press forward up 
the tube, and very little of the worst air which cullects at 
the ceiling would escape. As it ia not always possible to 
ndQct (be vent tube at once in a vertical Una from the 
highest point of the ceiling, there is no objection to giving 
it a horizontal direction for aonie distance. In Fig. 99, 




the vent lube, a b, is horizontal, and is conducted between 
the timbers of a floor. This figure also shows how the 
timbers may be disposed, so that there may be a rise in 
the centre without Inaa of space.* c Is a cord passing 
over a pullev, d, for raising or lowering the register plate, P. 
This plate is balanced by a weight attached to the lowerpart 

■ In Tredfinld's fienre, the Hmliers on fsnh side of the venfilatinR opening 
a, are made In dip, as ahown In the dotled line at t (Fig. 9fl). This ouftht 
-Iwvn, If p'BBible. to be avoided, aa it prevents tha f reo psssage of the air; 
nd even »och a slight impediment aa this mijAit cauw & fWavom. lA siw ■bmk 
ia celling to cool and descend before !t tad ttm6 to kkX^ Vi? 'Cna o^bwot?,- 
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of the cord, which pasaes down nearly to the floor of tli4 
room, where it ia seoiired by a hook. 

Where the vetit tubes can be carried up Tcrtieally froni' 
the ceiling to the ttip of the building, it is better to rfo so {( 
in Fig. ill), becauee the friction of the hut ascending current it 
thereby diminished. If the vent be made throngh the 
ceiling of a church into the apace in the roof, and from thii 
space an air tnba be taken up within the steeple or bell- 
turret, an effectual ventilation may be obtained without' 
adding outlets to the roof. Where external appearance it 
leas regarded, a common louvre- hoarded top, for an outlet 
from the roof, will answer. All side ani" 
should be kept closed ; for if the apertures at the ceiling be 
of the proper size, and due provision be made for supplying 
fresh air, these open windows, aa already explained. wlB. 
diminish, not increase, the amount of ventilation. Ths 
reason has been already stated why ventilation ia difficult to 
maintain in warm weather. Of conrse it becomes eapecialljr 
so in very calm warm weather. Mr. Tredgold gives a cua' 
of this kind; — Suppose we wish to provide ventilation suffi-^ 
cienl to prevent the internal air from being of a. higher 
temperature than 6° above that of the external air. Now, if 
the external air be at 70°, we shall not be able to keep tha 
internal temperature down to 75° with a leas escape 
than 2^ cubic feet per minute for each peraon ; because each 
person will heat, at least, that quantity of air 6° in a minattf^. 
at these temperatures. When a chnrch contains 1;0CX>.' 
persons, and the height from the floor to the top of the tnlM 
is 49 feet, the sum of the apertures that will allow 2,5" 
cubic feet of air per minute to escape, when the exceas 
temperature is B°, must be equal to 12 square feet If t 
height be only 36 feet, the size of the aperture mast 
14 square feet nearly. When the ceiling is level, this txtti 
ehonld be divided among five or more ventilatora, diaposeA 
in different parts of the ceiling ; but in a vaulted or ar^e*) 
roof, three are recommended to be placed in the highest part 
of the ceiling, as at d, in Fig. 99. 

It is also recommended, that the openings for admitting 
cold air be about double the SiTua o'i V^iiuta 
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The air should not lie talien from very near tbe ground, nor 
from a CDufined place. In designing and con»tnicting a new 
building, flues miylit be made for the special purpiBe of 
Bupplyicg the iuterior with fresh air. Each flue might open 
in the cornice, pasa down between the piera, and under the 
flooring of the church or other buildin;;, and terminate in 
ftpertures which would be covered with gratings. By diB- 
poeing noma of these flues on each side of the church, they 
would act with the wind in any direction. Theae exterior 
opeaingB should, however, be covered with a gratiflg, to 





mg. 100. A method of Ventilating a 



BPerent birda from buildinp: in them, and thus irtopping tliem 
™ The accompanying sketch (Fig. 100), from a design by 
Mr Garbett. will show at a glance the arrangements 
reqaireH for the proper ventilfllinn of a church ; but, before 
tie deBirable objects of properly watmiug Mid venlihiting 
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chiircheH and ntlier puTilio buildinga are fully attained, it 
be neceaanry for arcliitecla to cumbiDe a profound knowledg 
of their art, with a good acquaintance with chemical 
physical Bcience. 



CHAPTER II. 



OS TENTIT.ATION BY USANS OF HBCHANIOAL CONTHIVAKCES. 

Vbntilatios may be assisted by mechanical conlrivonceB, ( 
by the introduction of heat, so as to proiiuce currents in 
pBrticiikr direction, or it may be spontaneoui ; that is, certai 
eelf-acting arrangements may enter into the structure i 
the room or house, and not be liable to derangement fnii 
the careleesnesa or neglect of attendanta. Of theae thrt 
methods, the first requires personal attendance, such as tt 
arranging or winding up of apparatns, tbiiH requiring pom 
tualily and thought, anil hence liable to be neglected. Tl 
second method also requires the lighting of fires or of gai 
burnera, thus entailing trouble and expense — sufficient ii 
ducementa to lead to the neglect of the ventilating forct 
M. Morin, as already noticed (p. 21(J, note), has given a Ion 
account (not meant to be amusing, though it is eminenti 
so), of the failure of two elaborate schemes of venlilation i 
applied to two of the theatres at Paris, from the parsimony i 
the managers, the idleness of the attendants, ns also the pn 
judice of the performers. The freshness produced by pui 
air was mistaken for chillioeBS, and the^i'oia doniia aciuaU 
complained of cold at a time when the thermometer markt 
a temperature of 70'^ and upwards. The third method ( 
ventilation mnst, then, be the best, in the sense that 
macbiiicB are nearly always better than himian macliinea 
doing mere drudgery, or that periodionl kind of work wh 
does not interest the workman in its perfurmauce. If 
can make onr venlilation so far self-noting as to depend o 
opon kinilllug the gas that gives us light, or the fire UikI 
gives UB warmth, it will be successful, if well arranged. 
Sat Brst we have to describe ftome of tii& meahatiioal 
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trivanceB for venlilation, ami llieae we shall chiefly repent 
m the first ediciun of [hia work, Wa may remark, huw- 
«ver, that when the ventilating fan is used in factories, and 
let goitig hy the same lever that aiiifta the strap from the 
se to the faat pulley of the machinery, it can hardly be 
called mechanical in the eente ahove intended. It is rather 
teij-acting, inasmuch as it is independent of the care of the 
Mtendanta. 

3ne of the simplest mcchntitcal cotitrivancea for venti- 
latioa is the •mind-vj.il need on board ship. It consists of a 
Aail spread out to the wind : from the lower part proceeds 
\ cylinder of canvas distended by hoops, which may bo 
arried down through the batcbea, to any deck or hold where 
fresh air is reqnired. Its action depends on the force of the 
wind, and the mode of arranging it. It is of no use in calm 
weather, when ventilation is often most needed: and it is 
equally unavailable iu stormy weather, when the hatches are 
battened down, and the men crowded below. Indeed, 
Bolees some contrivance could be made for getting rid of 
tiie vitiated air hy other openings, the supply of fresh air by 
tbe niud-aail must always be partial and defective. 

The hmui-fait hni been uaed from time immemorial, espe- 
cially in warm diuates, where it is often made of an enormous 
I, ond being wielded by an attendant with the dexterity 
oqiii red by long practice, its effect is powerful iu giving 
motion to the air, and producing the aensotinn of coolneas, 
by bringing a larger supply to the person, and abstracting 
the heat by its notion. Tne punkah, as commonly used in 
India, is nothing more than a gigantic fan, suspended in the 
centre of the apartment, above a bed or taMe. Attached 
one aide is a line, which passes out of the apnrliaent 
through the wall to an attendmit on the outside, who gives 
motion to the large extended surface within, and thus pre- 
vents the air from stagnating. Some years aj{o, a steam- 
engine was sent from England to move the punkahs in the 
palace of the Nabob of Oude. A machine, called the xephi/r, 
Ikas been proposed by Mr. Dobaon, fur giving motion to 
air of a room. Two saiU, or punkahs, crossing each 
other at right angles, were mounted oa e. Itwuft, wcii. ^ 
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rotatory motion was given thereto, by Buspending it from 
caae containing a mechanism like that of a bottle-jack. ~ 
case was suspended by liuea paaeliig over pnlleye ii 
ceiling, and balatiucd by weij^hta, eo that the sails coatd 
made to play at any elevation. In all these contrivaiK 
motion ia given to the air, bnt the rooms containing lb 
are not ventilated thereby; the vitiated air ia whirled i 
whisked ahoat, but not driven out, aud its pkce supplied 
freah air. 

This objection doss not apply to the fanning -whed, 
blower, now bo commonly used for ventilating facloriea ■ 
other places where a Bteam-eogiue is coDBtautly at work 
supply the required moving power. The fanner was invent 
by Dr. Deaaguliera in 173i. Ita object waa stated to be 
" changing the air of the room of sick people in a little tir 
either by drawing out the foul air, or forcing iu freah air, 
doing both succeaaively, without opening doors or window 
This, it waa supposed, would be of very great use in 
hoapitals and [)ri8ons, and n-ould also serve to convey i 
into a distant room, " nay, to perfume it occasionally." ~ 
■wheel, as first invented, waa 7 feet in diameter, and 1 foot wict 
and had twelve radii or partitions (Fig, 101), approaelu: 




Fig. 101. Deaoguliprs' Fanning Wheel. Fig. 102, Etid Vi««, with 

within ft inches of the axis, leaving a circular openuqt 1 
incbes in diameter, marked 1, 2, a, 4,\o. "FvftA'iV ~" 
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wheel was enclosed iu a concentric case (Fig. 102), fnniislied 
I with B blowing-pipe, b, on the upper part, and a eiictiun pipe, 
' HjOommunicatiug at a with the central opening in the wheel, 
' which was turued by a handle attaohed to the axie, a, which 

pueed throngh the case aud rested on. a standard, B. The 

lannei was made bo ag to revolve easily, but as eloseiy to the 

concentric casing as possible, without any commn ideation with 
' the air, except tlirough the suction and bJoniug.pipea. To 

eosure this, a ting of blanketing nas fixed n-icbin the case, 

gg, and a simiiur ring at h h, ho that the edges of the vanes 
, beiDg in contact therewith, the air would have no other 

esc&pe than by the blowing-pipe, 

B, Fig. 103. By the revolution of 

the wheel, the air within the case 

was rapidly impelled by cenlri- 
; fygal force to the circumference, 

where it was condensed, whirled 
' Tonnd, and forced out, in a power- 

fnl current, throngh the opening 

of the blowing-pipe, b, while 

the partial vacnum thus formed 

set a cnrrent of air in motion towards the centre, which 

CDrrent entering at s, and passing up into a (Fig. 102), 
I' was distribnted between the vaneu, and, driven to the cir- 
|i cnmference, passed out in a powerful contintious blast at b. 
I The suction-pipe, 8, could be made to communicate with the 
j external air by means of a pipe, or with a space containing 
I beated air, and the blowing-pipe conld be connected with 
" a room, which could thus be filled with cool fresh air, or with 

warmed air, the quantity being regulated by the speed of 

the wheel. If fonl air had to be drawn out, the suction-pipe 
I was connected with the space contaiuing it, and the blowing- 
[ pipe with the external air. 

In the year 1736, a wheel of this description was erected 
I over the ceiling of the House of Commons, for the purpose 
( of drawing out the vitiated air, in the mauner just described, 

a man being tept constantly at work during the sitting of 
' the House, to turn the wheel. It was stated ihat this wheel 
fayi^/iUe to Back out the foul aii, dt tWuv m ^e^, ca &n 

^ -. -^ 
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hath at ODce, according as the Speaker la pleased to ci 
it, wLoae order tlie veutilator waits to receive 
liie BeasioTi." This apparatus continued to be used forven^ 
laling the House until llie year 17i)l, when the chief clef 
of the House, Mr. Holland, proposed its removal fmrn t 
room over hia own private apartmenta, to the centre of the K 
iiumediately over the Honae, as being a more advantageon 
position. This was accordingly done, and continued E 
operation until 1817, when a ainiilar contrivance waa recoD 
mended fur the ventilation of the House of Lords. It v 
not, however, erected, for in 1820 the whole businees « 
warming and ventilating both IJouses was entrualed to th 
Marquis of Uliahannea, whose plan will be noticed iti tht 
next chapter. 

But to return to Dr. Desagnliera. About the time whei 
he was engaged in ventilating the Uouae of Commons, ll 
attention of Government waa directed to the want of vent 
lation in the ahipa of the Royal Navy, in consequence of tl 
bad health of the troopa that were embarked at Spithead, tl 
proceed on an expedition against the Spaniards. Nnmbei) 
were reknded and sent to the hoapital, and the ships 1 
said to have "stunk to such a degree that they infected 
one another." "The Lords of the Admiralty applied 1 
Dr. Deaaguliers, to show them the model of hia centrifnga 
wheel and air-pipea; and after the exhibition, aome of then 
went to aee the operation of the wheel fixed ov 
of Oommona. Sir Jacob Ackworth, the Surveyor of t 
Navy, attended them, and eeemcd to approve of the mochioi 
as much as they did ; and the Doctor was ordered to mil 
a blowing-wheel, with its pipes, to he tried on board t 
£(11^0^ at Woolwich, but leas than that at the Honee s 
Commons, that it might not take up loo much room in tb) 
ship." Accordingly, the Doctor attended with a s " 
wheel, but Sir Jacob did not condeacend to be preaent. ' 
machine waa said to anawer admirably. A quantity of pitc] 
and other aubatancea was burnt in the carpenter's 
the smoke arising therefrom waa drawn above deck by i 
few turns of the wheel. On reversing the valve 
forced between decks witli grcM enet^Y- &<m^ (iia 5 
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delighted with the action of tiiia ventilator, and Sir 
Acob, hearing of ilB aiicceas, appointed another day for a 
Bpetition of the experiment, but requested the Doctor not 
I attend himself, but to eend hie carpenter with the flppnratiis. 
!he particulars of tliia trial are nniusiiigly tiild in a letter 
■om the carpenter, Kewbel WUattley, to Dr. Deaagiiiierg. 
-** When Sir Jacob came on board, be was very coniplaisant 
me, and aeked me if I was the person tliat waa appointed 
y Dr. DcBajiiIierB to attend liim in order to try the experi- 
int of tbe air macbine, and I told him I waa. Tben aaid 
to the men, • boist the wind-aails ;' and the wind-saila were 
Oiated. • Now/ says he to me, ' we have cut two scuttle- 
bles at each end of tbe ship, and yon shall Bee what the 
ind-ftails will do. It is our old way when at sea ;' and while 
ley were hoisting the aaila. I went down under deck to put 
le engine in order. But I had not been there long, before 
was called for. So when I came up, it waa to see that the 
ind-aaile that were put down would blow out a candle at 
as of the scuttle -holes. ' Now,' aaid he, ' I wonld have yon 
'ork the engine, and see whether that will throw out so 
inch air as our wind-aaila you see do.' 'Lord! air,' aaid 
, ' that, I imagine, was not the intent of the thing ; it was 
I drsw out the foul air from any part of the ship that there 
'tfte tubes to convey it from. It is impossible that a thing 
hich is hnC 3 inches by 5, should throw in as much air a^ a 
ling 2 feet G inches diameter.' So we talked awhile, and 
t last he told me that he could not stay, but that he liad 
longht 60 before, and that he waa sorry that the machine 
'Onld not do. ' Pray, sir,' said I, ' let there be a great 
inoke made in tbe carpenter's store-room, and see whether 
he engine or your wind-aails will destroy it first.' Then he 
pM me that he could not possibly stay ; ' bnt that gentleman 
lere,' aaid he, pointing to a pretty IjHty man that was 
resent, 'shall be with you, and be and you mny try tba 
sschine as you please ; and I shall think the same of it, 
rom his report, aa if I were present,' So, sir, it was then 
ift to the genilemau and me to try it ; and I burned pitch 
1 the carpenter's store-room, and made a great smoke, and 
Tiered tbe engine to be worked, and dte-fl \\. oiA in \sw» 
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than five miDutes' time. Then I turned the valves, U 
brought in fresh air ; and, as I thought, it gave the gcntlenii 
entire aatiafiictioD ; but, however, we made oa great a Bind 
OS before, and put down the winii-Baila, and then the smd 
was driven into several parts of the ship — and [hat iiot { 
half the time that your engine did it ; and then it went m 
ahove deck. Sir Jacob told me afterwards that he was ion 
that it succeeded no belter, but ha thought it might be, 
very pretty thing in a. house. Sir Jacob desires hia tnUBH 
service to you." , 

Dr. Desaguliers complains justly, that " not one of i 
Lords of the Admiralty, who talked of having many of tl 
ventilators made for the preservation of the health of 6 
persons then going to Jamaica, condescended to witness 01 
experiment ; and Sir Jacob, who condemned the thing, w< 
not once be present to observe its operation. But thus 
my scheme, which, 1 hoped, would have been of great bent 
to the public." 

The great objection to this plan for ventilating shipe, is t 
necesaity of employing men to turn the wheel. The ditngi 
arising from defective ventilation are not of that obvit 
character which, in many other cases, lead 
eeek out and apply the remedy. The aerial poison is invi 
and, although chemieta and educated perduns, who stiulf ' 
nature, are aware of its insidious action in inducing disQ* 
and undermining the health, it is difficult to pereaade ll 
multitude, whether of subordinates or of persons in aiithoiil 
that pure air is as necesaary to health and vigour of bo^, 
food, and sleep, and cleanliness. On board a ship every Q 
has bis regular routine duties, the use of which are almo 
to tliuae who command as well as to those who perform thtt 
and they are accordingly performed with cheerfulness. B 
to give the common Bailor, in addition to his other duties, thfl 
task of turning a wheel for the purpose of pumping out air 
from between decks, is not likely to be of obvious mility, 
either to him, or to many of his commanding officers. No 
system uf ventilating apparatus is ever likely to be adapted 
to the conditions of a ship, anless it reaemhies the excellent 
gyatem of if^tituing coadaclois, mNQiiUL^ \i'3 &vt W. 
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JIams ; it must bo always in ita place, ready for use, under 
all poBsible circiimataucea, whether wanted or not. Befure 
fiarria'a conductors were introduced, every ship was fnrniBhcd 
vitk A Bet of movable conductors, packed up in a bos, to be 
taken out and applied when wanted. Now, the taking out 
tad erecting of tbeae conductors was an extra duty, a Bpecial 
Betvice, and was seldom or never perfornicd. A tiiunder- 
Btorm comes on, the ship had not been struck in other atorms, 
vhy should it be struck in this ? and, accordingly, the con- 
doetors are left to slumber ia the hold. So with any form of 
'fventilnting apparatus that gives extra trouble to officers or 
pun I the ship'a company have never been suffocated for want 
.^air — why should they now ? Hence all these new-faagled 
'flUktrivances are dismissed with scorn. 

Very differendy circumstanced is the ventilating fan when 
insde a permanent fixture in a factory, and the wheel is 
wuinected with the force which seta in motion the various 
machines of the establishment. The ventilator then fulfils all 
the conditions required. It ie always in ita place, gives no 
trouble, does ita duty efficiently, and requires no superin- 
tendence. In speaking of the ventilation of factoriea, Dr. lire 
remarke, that the engineers of Mancheater do not, like those 
(rf the metropolis, trust for a sufficient supply of fresh air into 
any crowded hall, to currents pbyaically created in the atmos- 
pliere by the difference of temperature excited by chimney 
draugfate; but the factory plan is to extract the foul air in 
raeasarable volumes, by mechanical means of the simplest and 
'ipiOBt nnfaiUng kind, eapecially by eccentric fans, made to 
leTolve with ihe rapidity of nearly 100 feet per second ; and 
hereby to enaure a constant renewal of the atmosphere in any 
tinge of apartments, however large or closely crowded they 
jaay be. The effect of one of Fairbairn and Lillie'e fonr- 
giUDea fans upon a large factory is truly admirable. It not 
only Bweelens the interior apace immediately, but renders the 
ingress of bad odours from without impossible. In aweaving 
mill near Manchester, where the ventilation waa bad, the 
proprietor caused a fau apparatus to be mounted. The con- 
■equence soon became apparent in a carious manner. The 
Work-people complained that the ventilator had increased 



their appetite, and therefure entitled them to a correspond' 



ing 



of wages. 



a fan, placed at one end of an apartment abonC 
200 feet long, ia ia full action, it throwa tlie air ho powerfullf 
out of it, as to create a dranght at the other end of the room 
capable of keeping a weighted door 6 inches ajar, 
connected in the attics with a horizontal pipe, into whki 
vertical tunnels from each room are inserted, it drawa onl 
the air bo rapidly from them, as to cause a hreeze from eve 
part of the adjoining floors, thus producing an excen t 
ventilation in the apartments. The simple and cheap o 
trivauce of perforated cast-iron boxes, placed on every sb 
in communication with the fan, ia the method now in usa. & 
aide and a front view of the fan are given in Pigs, lOi, 101^ 
such as have been used of late years for ventilating factories 
for removing through tunnels the dust disengaged in cleantn 
fibrona materials, such as cotton, hemp, &c., for blowing ■! 
into forge &res, and many other similar purposes. It coudi 




Fig. lOi. SiOe. Veatilating Fan. Fig. 105. Front. 

of two caat-iron end plates, a a, with a central circular o' 
ing, c c c, from the circumference of which tiie outlins t 
each plate enlarges flpirnlly, the point nearest the i 
being near d, and that furthest off being under x. 
pair of parallel plates is connected by bolts, a a a, a maaQ.9 < 
sheet iron being previously inserted" into grooves cast in thi 
edgea of the end plates, so as to enclose a cavity with « 
elongated outlet at b, to which a pipe is attached for carryini 
<^ thB air ia any direcdon, 'Vvvl\iui 'Ciw6Cs.n\X'3 «. £\v»&,<] 
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revolvea ia bearings, b b, placed centrally in the frame- 
plates, A A. On this shaft a boss ia wedged fast, bearing 
five flat arma, c c c, to which are riveted five flat platee or 
wires, of the shapee ahawn between a and a, \a Fig. 104, 
having a ee mi -circular piece cnt ont of them on each side, 
ftboat the size of the end opening. On one aide of the shaft, 
o, beyond the bo:^-beariag, the fast and loose pulleya, D, are 
fitted for receiving the driving hand, and for turning the 

' by the arrow. Thns the air is 

driven before them out of the end orifice, b, while it enters 
by the aide openings at c c c. By the centrifugal force of 
tie revolving wings, the air is condensed towards their 
extremities, and makes its escape from the pressure through 
the orifice b, while it is continually drawn in at the sides by 
its tendency to restore the equilibrium. The fans are some- 
times constmcted bo as to have their roandea concentric with 
their central shails, aa in Dr. Desaguliers' fan. The im- 
proved fan (shown in Fig. 105), ia called the eccentric. The 
air which escapes through the outlet b has undergone com- 
presuon during its whole progress through the spiral space 
with the revolving wings, and is equal in density to that 
compressed at their extremities by the centrifugal force. 
The fan, therefore, discharges considerably more air than 
that with a chamber concentric with its wings (as in Fig. 101), 
because in the concentric fan there is considerable loss of 
power, on account of a large quantity of air being carried 
round by the leaves of the fan, instead of passing out through 
the discharge pipe at the circumference; but in the eccentric 
fan, each wing or leaf, in passing the point d, acta as a valva 
to cut off the entrance of the uucondensed air, which would 
cause an ^ddy, and retard the proper current by the inertia 
of its particles. When the fan is required to draw air out of 
■ aeries of independent rooma, it has ita circular side open- 
inga, c c c, enclosed within caps, which are connected with 
pipes communicating with such rooms. Slide or throstle 
ihausting, as well as the con- 
densing pipes, fur regulating the distribution of the rarefying 
or blowing power,* 

FbUoaopby of Mnnutactuwa." Loniua, WiS. 
M 2 
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Tile fan produces iU greatest effect wben the extremt 
poinla of its leaves move through about 80 feet per Becondi 
The meoti velocity of that portion of the vanes by v" ' 
the air ia diaeharged, is about seven -eighths of the velociq 
of the extremities ; bat owing to the inertia of the i ' 
there will he a loss in the velocity of the issuing curr 
^hich will increase with the increased speed of the vanea 
BO that, in general, the current will be discharged with i 
Telocity equal to about three -fourt be of the velocity of tl 
extremities. This velocity measured in feet per secon 
multiplied by the area of the discharge pipe in aqnare feel 
will give the number of cubic feet of air discharged pi 
second. If the effective velocily of the vanes be 70 feet p 
second, and the sectional area of the discharge tube be (lira 
square feet, then 70 x 3 = 210 cubic feet of air diecbatgei 
per second, or 12,IjOO cubic feet per minute. As a cubit 
foot of air weighs 537 grabs, there will be about 13 ouU< 

feet of air to a pound ; therefore ■ — r-^ — = 969 lbs, naiglij 

of air set in motion per minute, with a velocity of 70 fi 
per second. The height from which a heavy body tnusl M 
in order to acquire a velocity of 70 feet per second is 76i 
feet, which, multiplied by the number of pounds weigbl 
moved per minute, will give the power necessary to diaoharg^ 
this quantity of air at the slated velocity ; and this prodoel 
divided by 33,000 (the number of pounds weight that ovi 
horse will raise one foot high per minute), will give the ai 

of steam power required. Therefore — ' ■■-t-t — = 2,'Zi 

nearly SJ horses' power will be required to discbarge th( 
given quantity of air at the velocity stated-^ 

The Eeform Club-house iu London is ventilated by ft fi 
capable of throwing 11,000 cubic feet of air per minntft inl 
a subterranean tunnel under the basement story. The ooi 
densed steam from the small engine that works ths ha 
supplies three csst-iron chests wiih the beat required ft 
warming the building. At the General Pust-Office, Londoi 
a fan is also used ae the ventilating force fur a schema i 
* Uiv, "FblloaophScBl TraaaacUons." Hotri,"'WwnintuA"^Bii'a»'iBa," 



ventilation conlrived by Mr. E, A. Oowper, Air is intro- 
duced into the Urge rooms, Uitchene, &e., by meanB of a main 
trunk oommiinicating with the open air at !be top of the 
building, while at the bottom of tbe main is a. large fan 
driven by steam power, whioh forcHs air througb the main 
at the rate of abont 50 feet p«r eecond. The air on entering 
the main ie filtered by iiieanB of three acreena of wire gause 
Witli different sized aperturea placed vertically, with pockets 
beneath for the reception of solid matter. Some idea may 
be formed of the Hmonnt of solid impurities in the air of 
London, from the fact that the meshes get choked in the 
coorae of a few days, and require to be cleaned with a brnsh, 
while in the course of ten days dirt accumidatcs in the 
pocketa to the depth of an inch. Throe dogreea of finenesa 
»re naed for the wire ganze, the coaraeat containing 13 
meahes to tbe linear inch, the medium size 1<) meehea, and 
the ficeat 20 meBhea. From the main shaft are branch 
mains proceeding to each room, and in each room are 
brsDches connected with them by a certain fixed size of 
^wrture, or by valves, so as to aiipply a certain definite 
qnantity of air in a given time to the room. The air is 
diffosed from the branches by means of holes J inch in 
diameter. Theae perforated branches ramify under all the 
tables, and are placed wherever tliey are required. In the 
large room, which ia 90 feet long by 50 feet wide, and where 
200 people are often assembled, the relief afforded by this 
wrangement was very remarkable. It may, perhaps, be 
Buppoaed that the air streaming into a building from these 
perforated trunks may produce the unpleasant effect of s 
draught from every aperture ; bat Mr. Cowper finds that 
when the air enters the main at no greater velocity than 
ti^ feet per second, do dranght is felt. This velocity is 
reduced to about 1^ foot per second in the branches, and so 
little is this felt, that the men cannot tell when the fan ia at 
rest or in motion, except in the former case by the dete- 
rioration of the nir, which does not happen in the latter. 
Mr. Cowper's three conditions for snccessfnl ventilation ara — 
Jat, Let the air eater with email velocity ; 2nilly, Be sura 
that it does enter, or in other woidB, em'^Xo'j » 's«u<i^»^\'El% 
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force Biieh as a fan ; and Srdly, Give plenty of area, so (1 
enoiigli air may enter at the small velocity mentioneiL In 
large building tlie air in the main ehonld be kept n 
slight presaure, Buch as that of -^ths of an inch of v 
The foul air ia got rid of by suitabia openings, and I 
products of combustion from the gaa are removed by plftoia| 
a ftinnel over each gas flame ; the funnel has an opening c 
6 inches at the mouth, and is connected with a Ij- inch pip 
discharging into a chimney, or into the outer s 
distance between the top of the lamp glass and the bottoi 
of the fnnnel ehoald be about 1^ inch, so as not to point ti 
flame. It is an advantage to keep the pipe hot (but not I 
hot as to melt the eolder), in order that the water produt 
by the combustion of the gaa may be kept in the etate < 
vapour. Galvanised iron answers well as the material f 
these pipes, which, of course, improve the air of the room b] 
acting as a ventilating force. 

The Archimedean screw baa been proposed as a aubatitul 
for the fan in the ventilation of buildings ; but it appeaTg 1 
be in every respect an inferior machine. The merit I 
been claimed fur it of being entirely self-acting, requiring n 
power to set it in motion, except the ascensive force of t 
vitiated air itself, which, acting on the threads or epirnU 
the screw, causes it to revolve, and so effects the dischargt 
It is evident, however, that unless driven by power, t^ 
Archimedean screw can have no eSect, except to retard ifa 
ascent of the current of air, just as the small screws, t 
Bmoke-jacks, which spin so merrily in kitchen -windows an 
in bakers' shops, are driven by the air, and do not, of conrai 
assist in the ventilation : tlicy may do some service in di| 
parsing the air so as to prevent it from pourinj 
torrent, but this effect may be produced by means of perfomU 
Einc, wire gauze, &c. In one of the hospitals at Paris, a!r. 
propelled hy an Arohimodean screw worked by a etea 
engine, with, it is said, less loss of force than by the ha 
blowers, and by an ingenioiia provision the pilch of tit 
screw is made to adapt itself to the velocity of the engine, ■ 
nrranj^ement by which the air current ia maintained at 
uniform BUeagth. 
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Fampfi and lielluwH Lave also bad their share of attention 
M inatniments of veiitilatign. At the time when Dr. Deea- 
fpiliera waa endeavouring to get his vuntilatiug fana intro- 
duced into the navy. Dr. Hales came forward with a rival 
■clieme, which he termed the ''ship's lungs," and he was 
applied to by Government to fix Lis apparatus on board the 
C^ytain, a seventy gnu ship, by way of experiment. A 
doable ventilator of this kind U shown in Fig, 106. It con- 
rated of two oviter cases, n d q c, each 10 foot long, 4j feet 
Hide, and 13 inches deep inside. The midrifF or valve, z 
(Fig, 107), was iramed of wood, and fixed at one end to each 
by iron hinges, and a slip of leuther waa nailed over the 




Fig. lOe. HiJea's Venllli 



vhole length of the joint, to make it air-tight. Tliia valve 
moved easily np and down, as near the surface of each case 

B possible. Iron rods, r r, were fixed about 6 inches from 
the Tiiovahle end of the midriff at u, and were furnished 
vitb joints made like two liuks in a chain, to allow them 

) preaerve a perpendicular jiOBition in the motion caused by 
the rising and falling of the luidriffa. The upper ends 
theae rods were attached to a lever, <s f, 12 feet long, moving 
on a pivot at o, and capahle of being worked by two men. 
The valves marked 1 to 8, each 22 inches long, 6 inches 
deep, and suspended by copper hinges, were an inch ht:obd«.t 
And longer tisn the openinga; and fheu \«nie^, wt ■^'S 
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i the corresponding borders of the valve openinga, werp 
vitli list or woollen cloth, to deaden their noiee whf 
falling. A box with 
Urge aperture coven 
the eniiusion Vfllve8,frciii 
which the 8 
yeyed by a pipe into tin 
part of the ship Ui( 
was to be TentiUted 
Thus it wiU be 
that the coRBtruction g 
this machine closely r 
eembli>s that of the 
inon bellows. The air enters by those valves which an 
hinged to open inwards, and ia emitted at each rise and ta 
of the midriff, through the valves which are hnn^ so as i 
open outwards into the covering-boK, whence it is conreye 
thrnngli a tnbe to the parta of the ship reqniring ventilatioi 
Dr. Ha]es calculated that his machine woold expel a to 
of air at each stroke, or 6 tuna per minute ; and that the til 
issued from the aperture with a velocity of twenty-five rail 
an hour. This estimate is far too high, and tbi 
itself is far inferior to that of his amiable rival, Dr. D( 
guliera ; indeed, the nae of the rotatory fan 
day, and the total practical oblivion of the 
is a sufficient commentary on the reapectivi 
two inventions. 

In the experiment in the Captain, Sir Jacob Ackwor 
condescended to be present, and appears to have behaved 
Dr. Hales with civility. It is very probable that on H 
occasion, tlie objection urged against this machine was, fli 
it was not self-acting, hut required too conitant attention 
the seamen to be of any use, for the Doctor, 
endeavours to combat snch objections in the foUowin) 
terms: — " As to the labour and difficulty of working' then 
ventilators, how frivolous and groundless it is when tbi 
matter is rightly considered ; for as they are chiefly wantei 
where there is a great number of men, bo the labonr of il 
equally divided among them, is vctj mwjaaisniiift -, fet \ 



" ship's langB.' 
i merita of tin 
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two men can liold to work them for a qusTter of an hour, 
fonr men, by changing handa— speK and sjmll, as they tenn it 
— may well work for an honr. And auppose there be 500 or 
480 men in & ehip, and every one takes hia share of the 
work, then, once ia five daya, it will coma to every man's 
tarn to work at it fur half aa hour. And auppoaa there be 
in a transport or Guinea slave ship 200 men, as there is often 
about that number, then it will come to every man's turn to 
work the ventilators for half an hour once in forty -eight hours ; 
bat here, as the ventilators will be less than the above described 
Tsntilaturs, bo will the labour of working; them be also leas. 
This, BDpposing it necessary to do it incessantly night and day, 
wliich need not be in a man-of-war when the port-boles can 
be opened, and there ie any degree of wind ; which, suppose 
it be half ibe time of the crew'a being on ship-board, then it 
■mill come to each man's turn but once in ten days. This 
calculation is made on a supposition that every individual 
takea his turn at the ventilator ; but let us allow an abate- 
ment of one-fifth for officers, sick, (fee., then wijl the work be 
no more than half an hour to each man in eight days. But 
suppose it were to he incessant, can half an hour in five days 
be thought so hard and great a degree of labour as to render 
Ihe working of the ventilators an impracticable thing ? Is 
not the benefit proposed thereby, viz., the saving yearly of 
the lives of thousands, a sufficient reward for so smfJl a 
pittanoa of labour? Shall it be said of the brave and un- 
daunted sailor, that rather than pull his hand out of his 
boBom, and work for an hoiir once in ten days, he will choose 
to lie down and suffer hia brave manly epiril to be suffocated 
in a frowsy stench — a stench that baa destroyed the lives of 
Bullions of the stoutest and bravest, for the lamp of life ia 
•Doner thereby quenched than many are aware of."* 

> The Ijtie of tins book ia cnrions, UTid it promises more than the iDBohlnN 
Snortbed ip It were cslcalaled la perform. It <8 ba follows: — "A deauription 
rf VentiUtora, whereby great qnantitiPS of fresh ^r may nlth ease be oon- 
Tayed into Mines, Gaols, Hoepiuils, Worfchoniies, and Ships, in eicbangB for 
dieir noxious air. An accaont also of their great usefulness in many other 
reapecls: as in preserving all sorla of grain dry and sweet, and free from 
bdng destroyed bv weovih both in granaries and ships, and in 5m»enrto% 
miny other sona of jmjds ; as also in drying cotn,mtt\t,hD^,giH^«6jn,b«..» 
and for many other UBefal pnrposee. WhicU was lewl teloie -OiWi "9*^»- 
M 3 
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All thU argument is perfectly sound, and it mnEt 1w 
admitteii, that each Bailor ouglit to " work for an hour one« 
in ten days," in order to keep the ship well ventilated, 
must also be admitted, that under (he old system of lightning 
conductors, the approach of every slorm ought to have beea 
& stifGcient warning to cauee the erection of these eafe-guardir 
in case the ship should be struck. There are many thing*- 
in life which men ought to do, and much learned and scieU'' 
tific eloquence is repeatedly urged in favour of their doiar 
them ; hut aa indolence, indifference, and ignorance Are a 
easily moved to exertion, the benefit must, if possible, ! 
conferred without occasioning thought, Irouhlo, or exertjoa 
to those who are to share in its advantages. 

Such a contrivance was introduced into English " 

of war at the very time when the respective meritB of fti 
Besaguliers and Dr. Hales's saliemes were being discniwdl 
This was Mr. Sutton's air tubes, whirh will he noticed i 
the next chapter. These were perfectly BucoeBsfu 
the plan was made the subject of a patent, and some objeCf 
tion hud been made to the paying for the me of it on boari 
each ship, the scheme seems to have died with the inventoi) 
for we find the oomplaiiita of the defective ventilation i 
Bhipa to be as numerous aa ever, and no further improvenen 
appears to have been made until about the year 1785, i 
wooden pipes about !l inchea square were introduced (fbl 
■which brass tubee were afterwards substituted), running fi 
between decks along tlie side of the ship, and opening iali 
the air over the gunwale of the forecastle. • The iniportsno 
of Ehia contrivance will be seen, when it is considered that 
frigates the sleeping-places of the men are excladed fron 
direct communication with the external air ; and that I 
Dumber of men crowded together in hammocks for booE 
together in a smaU, dark, contincd space, must be highij 
injnrione to health. Attempts had been made to remed] 

Boeiety In May, nil. B^, Stephen Hales, D.D., F-R-S., Rector of Fartti 

don, Himpahire. and Minister of 'I'eddiDijioa, Middlesex. Loodon, 1T43.' 

* This contrivance wu firel pmnied out bj Dr. Gillfert Blsne, in hli M 

"On the Dlsaaee Incident to Scamca" (Undon, Itaav und the Idu « 

lo bSm from a dmllai contrtwanoe \n La Nymptn.ii'^mm^W^ 
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this by Btnall Bcnttlea cnt id the aides ; bnt this wqb frequently 
objected to as weakening or endangering the ehip. 

Among mechanical eontrivancee may be mentioned Dr. 
Amott'fl Vfntilating Gasometer, worked by water power. A 
cyKnder or gasometer ia made to move up and down in a 
circular trough of water, contained with itself in a case, 
fiimiBhed with valves, through which air is alternately 
admitted asd discharged during each ascent and descent of 
the gasometer, in a manner BiraiJar to that of the blowing- 
machine of an iron blast-furnace. The cylinder is suspended 
from one end of the beam, and a balance weigiit at the other 
end. Connected with the beam is a small piston, working in 
B barrel, beneath which water is admitted by a pipe, con- 
nected with a tank of water 60 feet above. The pressure of 
this column, acting under the piston, sets the beam in motion, 
and raises the ventilating cylinder to its highest position. A 
CMck or valve, acted on by a rod from the beam, then elmta 
off the oolninn of water, and at the ssnie time opens a way 
for the escape of the water in the small barrel. The venti- 
lating cylinder, which is heavier than its cnnnterpoiae, being 
thoe free to move, descends by its own weight ; the water- 
cook is then opened by a touch from the rod, and the piston 
again rises, and produces another oscillation of the beam. 
The cylinder contains about 126 cubic feet of air, and as thiR 
moves »p and down eight times per minute, il will supply 
a building with 2,000 feet of fresh air in that time. In cold 
■weather the air may be warmed by the aelf-regnlating stoye 
■with water-leaves.* 

■ Dr. Arnolfs alove, deacribed p. 144, 4c., haa been furnUbed by Itii In- 
Tfntor with a miter^acket, forming wbat is called a vyiter-ftive. ThiB jscket 
{oma an external ease or lialng to tba atove, nnd ia filled with water, which 
b heated bj the fire within ; thna not only Is tlie enrface of the stove a. sanice 
<rf beat, bat it niBV dbtriliute its heat to other tabes or TCSiiela filled with 
IMter, and the healing surface mav be indeiinitBly Inoreanod by connecting 
die pipes with very Chin Gat boxes of shoet coppor filled with water, and set 
np nde by aide about halt an inch apart, in any convenient place, like so 
many Ihin porttolins or hooks of maps. If the pipes are properly arranged, 
acre will be a clrculntion of water between these woier-fenwji, as they are 
called, and the water-clad stove. 



CHAPTER III. 

ON TBB VENTILATION Or BUILDINOH, BHIPB, MINES, &C., 
UEANS OP ARTIFICIAL HEAT. 

Ahono the special contrivanocB for prodneing ventilsdoi), 
combuBtion occupies a promioeiit pari. By applyini; heat ta 
the ftir in the upper pari of the ventilating tube, tba airot 
the pkce requiring ventilation ie drawn upwards with :' 
creased rapidity, and fresh air rosliea in with a propoTtioi 
increase of rapidity to supply its place. This method of pro> 
dnoing artificial ventilation seems to have been first described 
by Rodolphiis Agricola, in the sixteenth century. In bis book^ 
De re MetaUica, he apeaba of the method of drawing the fool 
air out of a mine, by anspending a large fire in th( 
of the shaft — a method which has been practised i 
ever since his time. Tfaia method tioea not appear to hava 
been adopted in the ventilation of crowded rooms, until the 
year 1723, when Dr. Desagnlierswns requested to endearanr 
to improve the arrangements made some years before by 
Sir Christopher Wren, for the ventilation of the House of 
Commons. Wren's plan was as foUowa : — A largo aqtiAra 
hole was made in the ceiling at each corner of the T 
and over each hole, in the above room, waa erected a holtow; 
truncated pyramid, 6 or 8 feet high, constructed so as ta b* 
closed at pleasure. The vitiated air of the House escaped hf 
these bol^s when the temperature waa sufficient for tli« 
purpose; but it ofteu happened that the colder and denies 
air of the upper room not only stopped the ascending curronl^ 
hut poured down in cataracts upon the members below. Tfaif 
3 remedied by Dr. Desagulie' 
i constructed a closet at each end 
1 between the pyramida, and conducted ft 
yramids to the square iron cavities (hat 
e-grate in each closet. When, therefore, ths 



defect!' 
an ingenions ■ 
of the upper 
trunk from t' 
tiirroiinded a 



. BiKS,tiiA\ ^■a^. ^ 
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Honee, through the heated cavities, into the cloaels, and was 
thence discharged ap ths chimiieyB. This arrftngcment ia 
represented in Pig. 108, in which c c are tlia pyramids at one 
extremity of the room, opening from the ceilings of the 




Fig. IDB. Desaguliera' Method of VantUating. 



Bouse ; e e, two pipes leading from them to the fire-grate, 
a b. The heat of the fire, rarefying the air io the iron 
G&vitieB, X X, a current would be produced in « e, and the 
wr ftom the pyramids would flow out at a; a; into the cloeets, 
wtd thence into the chimney. 

The principle of this arrangement is perfectly eound, and 
there ia no doubt that it would have answered the purpose 
required, if it had had fair play. The cause of ite failure 
ie curious. Mrs. Smith, the househeeper of the Honse of 
Commons, feeling herself aggrieved at being disturbed in 
the pOBsesaion of " her rooms," discovered an easy method of 
pottaading the honourable members that the philosopher'a 
plan had failed. She carried her point, " by not having the 
firee lighted until the House had eat some time, and was very 
hot; for then the air in the closets that had not been heated 
went down into the House, to an air rarer and less resisting, 
whereby the Honse became hotter instead of being cooled. 
Bnt when the fire had been lighted before the meeting of 
the members, the air went up from the House into the closets 
and out of their chimneys, and continued to do so the whole 
day, keeping the House very cool." The failure of this plan 
led to the introduction of the rotatory fan already noticed 
(p. 237).» 

•"Sir George Bcanmont and anme oilier membera observing that the 
fleugn of cooliiie Ihe Hnuse was frustrated, asked me, in 1736," aajs the 
Bootor, "If I noiild not find out some contrivance to draw the hot and fori 
■Ir ont of the Hooso by meariB of soma person that shonld entirsls dji^sii 
Uponm^ which I prnmlaed to do, and effected — eaffing vVi: ■w'neaV a. cei*^ 
/^/ ot S/nrri/iy ,1-Atel, and [he ojan llmt turned it a Detitilalot." tck-Ct* 
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About the time of the con troveray between Dr. Desagnlien 
and Dr. Hales, respecting the merits of their macfaines fol 
■ventilating shipH, as deai;ribed in the last chapter, a new r 
appeared, with a contrivance which far esoeeded either 
theire, in point of practical utility, from the circnmstance 
its being self-acting. Mr. Samue] Sutton, a brewer, beins 
moved with Gompaseion towards the unhappy soldiera wh» 
were suffering in the ships at Spithead for want of freab wk^ 
felt himself " obliged to do ali that was possible for theil 
rehef in these unhappy circumstances," and even submitted t« 
bU sorts of slights and humiliations rather than forego hill 
laudable desire to beneiit mankind in general, and the navV 
in particular, by the introduction of his apparatus. WithoD 
at all desiring to call in question the humane motive < 
Mr. ijutton, it must still be confessed, that in the introduction 
of his apparatus, he had a keen eye to his own interest. Not 
that this is objectionable in any inventor, for there can be mx 

name of Desaguliera has been mentinned several Cimea in these pai:;es, a i 
DDtice of hba may be inlersBtiiig. Ue was bom at Ruchdle in Much, 14 
His father waa a FreDch Pntestaiit rctugeo, who eought refuge in Eng* 
after the reTOCHtiiin of the Edict of Naotea. He was sent to Christ Cbl 
Oxford, and in 1702, when only nineteen, gave lectures on expsrimeal 
philosopliy at Hart Hall. He married in 1712, settled in London, and "" 
the merit of Sitt intrnducine (a the pablio lectures on naturnl phileMl 
The novelty of the method, tlie e.irncalncss of the teacher, and the benUV a 
the Biperimantfl, nttracted fashionable and even royal audiencea. In lT( 
Deaaguliors was elected a Fellow of the Royal Society, and betwoen that ill " 
and the year 1743 be contributed to it« Traitiiictiona. Ub also fiuhlM 
Volumes of lectures, Ac, on natural phUosophv, and trojulationa of ^Qtn 
aande'a" Perspective" and Nieuwentyt's "ReliglouB PhJlDaophBr," 4e. T 
Bpiriled engravings reprewntlng feata pC mechanical strength in BiMitq 
work on IS'atural Magic are from some admirable etchings In "' "'*■ 



The Duke of Chandoa made Deiaguliera his chaplain, anci pnnM 
mm wiLu the liying of Edgwore. He also t^ame chapltin to tbe FriaMI 
Wales. But, in spils of this npparenl proaperity, there is a tiadititHi, ' 
on some lines by the poet Cawthom, that ha died In great poverty. 
"Here poor, neglected Desjtgnlieni felt] 
How he who inuglit two gracious kings to view 
All Boyle ennobled, and all Bacon hncw. 

Without a guinea, and without a grave I " 
DeMgoIlers certainly did remove to lod^ngs over the Pi; 
Garden, where he continued to give leclnrea, and it is very posaible IhU 
rtiHied the fata ot inventors, and became involved in debt. At any nt« ' 
•one did not inherit his poverty ; for we And that one of them w 
in the Boyal Artillery, and a gitat favourlus ol George 111, 
ial77e. 
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doubt that a benefit conferred by a man upon liie country, is 
deserving of reward ; but the mixed motive is objectionable — 
urging tlie invention forward on the plea of hiunHiiity, and, 
at the same time, asking for a large pecuniary reward. When 
Dr. Franklin and Count Eumford advocated the general 
introduction of tbeir inventione, ou the ground of humanity, 
the motive was pure and honourable, for they took out no 
patent and hinted at no reward, eeeking only to be useful to 
their fellow-creaturee. 

Mr. Sutton's invention ia, however, meritorione, and in hiB 
snriouB and amneing narrative,* we rend a minute account 
of Its origin and progreaa. It originated in the following 
GtrcnmBtHnce. In a room which had three i^re-placee, the 
windowa and doora were made to fit as tightly as poseible, 
o as to exclude the external air. Having made a large fire 
a two of the fire-placea, it was found, naturally enough, that 
the wind came down the ehimney of the third fire-place with 
BUch force as to blow out a candle. This suggested the idea 
of ventilating the different parta of a ship ; for ae a fire is 
always kept burning on hoard, it was aiippoaed that a pipe 
or cavity opening from any part of the ship to the fire, wonld 
draw the air along it to feed the fire, thus occasioning a fresh 
Supply to the part of the ship whence the air was subtracted. 
is idea being once conceived, Sutton sought every oppor- 
taidty of consulting naval men on the subject of the ventila- 
tion of a ship. On one occasion, he says, " being at a coffee- 
house near the Admiralty, I placed myeelf nigh aume gentle- 
men of the navy, and inquired of them, as I had before of 
others, aa to the usefulnees of the foremenlioned change of 
air, who all, to a man, acknowledged that it would be of the 
utmost aervice, and npon their unanimous approbation of it, 
I told them that I could procure auch a change of air ; upon 
Tvhioh one of the company went to another table, and the 
leet followed him ; and I heard him tell the others that be 

• "An Hiatoticil Account of uNoirMethofl f or Mttrocting the Foul Air oat 
i Ships, ic." By SamncI Sutton. Limiion, 1745. A neconil editi 

iDbUehed in 1T49, conlaininc two favourable accounts of the iut , 

ead before the Boval Society bj' Dr. Mead and Mr. WnUnn, and a Disconne 

in the Scurvy, by Dr. Mead, who thought that thstlWiYtf " ■— 

grettlj midgtited by the Introdnclioii ot Sutton's &e^«iB!Ca& ' 
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heartily pitied me as being really mad, and ont of my ienseK." 
Button bad anlicited an interview with the Lords of tht 
Admirahy, which waa granted, and he received a lettw of 
introdnotion to Sir Jacob Ackworlh. On presenting it, i 
meeting wae appointed 6ve days afterwards at seven in tfai 
morning. The brewer was punctual, but the knight kept' 
him waiting the whole day, and it was not till the eventng^ 
that he condescended to exchange a few words with hSni i- 
" Sir, I suppose yovi intend to throw air into the wells fl( 
ships ? " " No ; I propose to draw it ont by meana of fiTC." 
" Do yon know how far yon are to draw it out ?" " Not fl 
inches ; for if I can extract it never so small a distance, thft 
incumbent air will press forwajc), of course, and cau 
atant change." Sutton then expressed a hope that a timd 
might be appointed for a trial of his scheme, but the knigM 
replied that no experiment should he made, if he could hinde^ 
it. This unmannerly treatment did not dannt the brewsn 
He petitioned the Lories of the Admiralty, and obtained adi 
order to make an experiment in a ship of war at Woolwich. 
■Whereupon he proceeded to erect his apparatus, and had 
completed it, except the soldering of two pipes, when M 
messenger from the builder of His MajeBty's yard appeoLredj 
and ordered the workmen ashore. In spite of all r ^^ 

etranoea, the work was auepended, and next day the apparatn 
was taken down, and the holes were plugged up. Undsl 
these discouraging ci re nms lances, Sutton introduced hiuu "" 
to Dr. Mead, the king's physician, who at once enconri^ 
the scheme, and succeeded in getting Martin Folkes, ] 
President of the Hoyal Society, to favour it. Under t 
powerful pntronage, the Admiralty were induced to order i 
trial to he made of the apparatus on board any of His Majestyl 
ships in the river. Accordingly, Sutton fixed upon the " 
at Dcptford, but he had great difBculty in getting bia orden 
executed : the workmen of the King'a Yard " were b 
employed in trying the uaefulncsH of another machin< 
duatriously set on foot to supplant mine." " The excesBlvi 
ahyness and caution of the gentlemen of the yard l> 
oonchide that my scheme at last would be set aside, in spib 
ofa^ the BtepB I could take to pT^ent 'A ■, *.wi\'>i 
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firmed in this opinion when I found the pipes were mada of 
wood between 5 and 6 incliea wide, in eiioh an unworkman- 
like manner, that to render them tight, T waa forced to get 
size and paper from Deptford to put over the joints ; and 
tbal, moreover, many hands were employed in erecting wind- 
Bails, ia order to show that they conld thereby procure aa 
much air na my scheme would afford," But, at length, in 
September, 1741, the trial was made before some of the 
Lords of thu Admiralty, the CommisBionera of the Navy, 
Dr. Mead, Martin Folkes, Enq., and aevera! other membera 
of the Eoyal Society, Sir Jacob Ackworth welcomed this 
distinguiehed company, by remarking, " I am sorry that yon 
are come to see the trial of auch a foolish experiment, that I 
tried myaeif yesterday, and it would not shake a candle." 
Sutton ventured to reply that the apparatna would he in good 
hamour that day, and that the end of every one of the pipes 
would blow out a candle. The experiment waa accordingly 
mode, and although Sutton complains that the tarpaulins 
which he had placed over the hatubes had been removed, the 
enccesB was complete, and his friends were eatisfied.* The 
result of this trial was, that in November following, Sutton 
was aent by the Lords of the Admiralty to Portamouth to fit 
np his apparatus in the Morwich man-of-war. Sir Oharlea 
Wftger gave him a letter to the Oommiasioner at Portaraooth, 
in which he sensibly remarks, " thia contrivance is approved 
by much wiser men than I am in sneh things, and, therefore, 
I desire you would let Mr. Sutton have all the encouragement 
md assistance yon can give him." He also requests that 
Button may " meet with no obslrootion or discouragement 
from anybody that may think themselves wiser." After this, as 
may be supposed, Sutton had nothing to complain of in the 
Portsmouth dockyard. 

Sutton now thought it high time to ask for a "suitable 
reward for his useful invention, and reasonable satisfaction for 
his trouble, loss of time to the neglect of his other affairs, 

• Mr.Watwn reported to the Rojal Society tlial Sutton's maeliine brought 
Dp «ir "fnim tlie bread-room, orlop, anil well of the ship at Hie same time, In 
raeb quantity, that laige llghleil cotidlas beiag piit li> Ihe end oE the tube:)^ 
On Bame vis iininedialel; aiickBd oal ua fast u> applltid, tttough Iba ecA •& 
OM ef tbe tubes rraa above SO ysrda distant Ironi ttva tTO." 
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and expensea in the esecution of tlie aame," He plied thft 
Admiralty with petitions, but received no answer until t' 
11th June, 1743, when ho wasfurniflhed with an extract fron| 
a, letter from the eaptain of the Norwich, containinff I 
report aa to the working of the apparatua on a voyage to tl 
Coast of Guinea, the West Indies, and hack. The captwn^ 
report is aa follows: — "Aa to tiie air-pipes which were p' ~ 
on board of me, I was obliged to stop up two of them, I 
reaaon the fire came down between decks — the other, to Ihl 
well, was kept open ; but the ship making water enougb U 
keep her sweet, I was not able to judge of their use, haTi: 
been so healthy aa to bary only two men all the time I n 
on the coast." The healthy state of the crew during' anchi 
voyage was, at the period to which we now refer, eomethini 
ao CKtraordinary, that the captain's report, which was intendi 
to condemn the scheme, is really a high eulogium on jl 
seeing that one of the pipes was allowed to remain open dnrinj 
the whole voyage. 

At length the Admiralty made their report, in whicfa tb 
stated that the apparatus " does not, in all respects, come i 
to the expectation, and that the use thereof is dangerona M 
liable to accidents by fire ; yet as the said Mr. Sutton h 
employed a great deal of pains and time about the said n 
vention for the benefit of the navy, and had encouragemeii 
from their Lordships to do so, and their Lordships, 
desirous to give encouragement to persons who shall t 
their thoughts to any inventions that may tend to the > 
tage of the navy," directed him to bo rewarded with the 
of one hundred pounds I Of course Mr, Sutton was ■" 
much disappointed, and very angry. He attributes h 
failure to the undue preference given to Dr. Uales's vnA 
lalors. 

Mr. Sutton received the hundred pounds "on accoont," U 
did not cease to urge the merits of his invention upotitl 
Admiralty, until he got an order to have his apparatus fitt( 
to several sliips. He then looked out eagerly for the report 
of their respective commanders, and was fortunate in geltinj 
ft favourable return from Admiral Boscawen, dated T 
Bay, 9th April, 1748, in w^iicb Ho m.'js," 1 < 
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thinking the air-pipes fixed iu the men-of-war have been of 
great service, by purifying the air between decks, and thereby 
preventing the Bcurvy," After this, the career of Sutton was 
crowned with succeaa, which he modestly attrihiitea to " the 
wisdom and zeal of the preaent Right Honourable the Lorda 
of the Admiralty, and the Bight Hononrable and Hononrable 
tiie principal oflicera and Commieeionera of His Majesty's 
Havy, who, having taken the whole affair into their seriouB 
coneideration, were bo thoroughly satisfied of the great ad- 
vantage that mnst accrue to the nation from the faithfnl 
execution of my scheme, that they have contracted with ma 
for fixing my engine on board Hie Majesty'H ships, whether 
laid up or in oommiaaion," Aa Sutton mahes no farther 
complaint, we must suppose he wna satisfied with the pecu- 
niary part of the arrangement. As to his zeal for the good 
of his country, which he talks so much about, he took care 
that no one but himself should derive pecuniary benefit from 
the plan, by securing his invention by a patent.* This, 
however, at length proved more fatal to the scheme than the 
powerful opposition of Sir Jacob Ackworth, and the cool 
indifference of the Lorda of the Admiralty, Sutton charged 
j630 for each ahip of the Royal Navy, or of the East India 
Company, into which the apparatus was proposed to be 
introduced ; and as this was thought too much for a benefit 
which many persons in authority were disposed to question, 
the scheme was abandoned in a year or two, and, after the 
death of Sutton, nil trace of its existence seems to have been 
eradicated from (he minds of ship-buildere and seamen, and 
Bir Jacob was left iu undisturbed possession of bis favourite 
vind -Bails. 

Mr. Watson'a paper, which was read before the Royal 
Society, contains a very good account of Sutton's invention. 
He describes the copper used for boiling the ship's provi- 
iions, and the method of fixing it, with two openings below, 
divided by an irou grate. The first opening, having an iron 

•The applkation of the macliine, ag statsd In the pulent, In fur ramoving 
noxioiu air frnm " min^ and cjverns Id Ihc eiirth, dqngvona, pHaoa'', and all 
tnfecled plocea." It may alui be used in '' Udt-hoiiaea and walls, wbich will 
gnUij narm the earth tnr the specdj prodaudoD of IU tiultL, >sd. iim\'e, 
giaoMiiei, for the prewrralion of corn and grain." 
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Fig. 109. Aah-pit and Tubes. 



J for the fire, the other for the sshee. In ordias 
CBsea, the combiietion of the fire is stipported by air < 
through the ash-pit; but, on hoard aUip, aa both the t 
hole aud the ash-pit hole are fumiBjied with doora ti 
the escape of fire, the air must be Bnpplied by eu 
meaiiB. Accordingly, one or more holeB, r e. Fig. 109,» mw ^ 
made through the brickwork in the aide of the ash-p 
mi tubes of lead or copper are fitted cloaely therein, i 
conducted from thence into t 
well, and other parts of the S 
thus drawing off therefrom 1 
foul air, and, sending it thn 
the fire, v, it eaeapea up the c' 
ney. At the aame lime, a an 
of fresh air rualiea in at opei 
about the ahip, to occupy the p 
of the bud air. This circulation of air not only f 
while the fire is burning, but so long as the fir 
copper, or brickwork remain warm, as was obeerved i 
hoard the hulk at Deptford, when the dranght of air throngfc ] 
the tube lasted about twelve hours after the fire waa ts 
away, "This being conaidered, as the dresaing the ] 
visions for a number of people will take up some houre e 
day, the warmth of the brickwork and QaeB will continnB^ 
draught of air from one day to the next, Mr. Sutton propo 
thua to circulate the air hy the same and no greater expi 
of fire, than is customarily used for the ncceaaities of 6 
ship." The larger the ship, the greater the nnmber of n 
on board, and the larger the quantity of provisionB, soil 
more time and fuel will be required in preparing them, i 
the more perfect will be the ventilation. The 
number of the tnbEB iH of little consequence, for the lar 
the tubes, and the greater their number, the leas the t 
of the air, and vice vend. Mr. Watson notices, as an fi 
tial condition of the perfect action of the tubes, that b 
fire duor and the aah-pit door be kept closed. lu large b 

• In the plan, Fig. IIO, n la the ush-plt, E s the cnpppr pipes opmlng ll 
ft c the oven, o a rant-holB, und it it ti* {A^u, iioiuinMBd to uif p 
tie ship, 
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there ie not only a coppur but also a fire-grate, l (Fig. 110), 
like that need in Icitchena. Behind this grate, copper tubes, 
r V, were also fiKed and carried through the brickwork, so 
that one extremity thereof projected about a foot into the 
tbimney, o, niid the other 
mil Dpeued into tlie hold, 
nr any other part of the 
ship; eo that the air rushed 
along this tube into the 
draught of hot air in the 
oliimiiey. To obviate the 
ofijection to the epace occu- 
pied by these tubes ob board 
ebip, it is advieed that only 
one tube, of a convenient 
BJEe, be attached to the aide 
of the afih-pil, and, as soon 
Uit passes tbroQgh the main 
deck, to give it the form 
which occupies least room ; 
aad from this main tube, 
Irnuches might ramify to 
different parts of the ehip, 
theae branches being carried 
between the beams which 
snpport the deck, till they 
meet the aides of the ship, 
where they could bo con- 
ducted also be twee a the 
beams into the places in- 
tended. 

Uow admirably adapted 
u this plan to the ventila- 

ladon of steamers. A large central trunk might be made 
to feed the furnace, and into this trunk smaller branches from 
every cabin and sleeping berth might discharge their fod 
air, and thus maintain every part of tlie vessel in a state of 
perfect salubrity. That button's plan has not been entirely 
brgotteo, ia evident from i(a having \)ee'Q ip-pXiei S.u 
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.niBhed nitli Tegiaters to close them, to prevent cold air ftta 
blowing iuto the House when the ventiiation was not wantM 
Theee pipes were to he conveyed in an ohlique direcdon ta 
the tire-proof house, anil to be capped at the top with a oowl 
head. The lire to the ventilator was considered unneceuar] 
and even objectionable, on account of emoke gettiog iiilo ti 
House down the ventilator. " I have, at various timea, taka 
an opportunity," aaye Mr. Lae, " of going on the top of ti 
Uouse, and have put my head over the ventilation pipe vAn 
the fire wai at full heat, and have not perceived the hot >i 
coming from the House. I have likewise tried, at other tima 
without fire, and have found a very strong current of hot a 
from the body of the House."* 

Mr. Lee'ti plan for ventilation was tried and failed. 
is no doubt, that after abolialiiug the furnace, and introduciq 
wide tubes, a down current waa aa likely to ho admith 
into the House, as an ascending current out of it ; tt 
the contriver, who thought himself a wiser man than E 
Humphry Davy, has afforded a sufficient satire on bla o* 
improvements by proposing to place rotatory wheels in li 
wide tubes, in order to make them discharge the air t' 
right way. It is satisfactory to learn that their iordahipaS 
not accede to this proposal. They consulted Mr. Ju 
Wyatt, the architect, who made some changes in the Hotu 
and erected some apparatus. This perished in the fire, i 
183i, which led to the destruction of both Houses, 

In the following year, a Select Committee of the Conunoi 
examined a numberof witnesses, consisting chiefly ofscieutiT 
and practical men, with a view to discover the best, c 
least, a good method of warming and ventilating the Dei 
Houses of Parliament about to be erected. In their reporl 
the Committee advised that some plan eliould be syatemtli 
cilly adopted before the commencement of tlie new huildingi 
from a conviction that whatever plan should afterwards t 
selected, "provision should be made for its adoption, ' 
first instance, by the architect, so as not only to ensure ii 

• In thia Report it WM also stated thsf the flues ware mrangBfl harhdat 
rouna the cliomlwr ot the House, lOO f«l in length and upwanta, ami _, 
the smoke reinained in them tot u cDnBiaaiabVa tjme, eametiinea prodaclBC 
lUvng smell of aulpbnr in the Uouso IIbbU. 
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R, bnt tn prevent needless expense and inconvenienee ;" 
And that, for thia pnrp'me, " the whole spaca immediately 
below the two Huuaes. as well as that belween the ceilin^f 
and the roof, he prepared and altogether reserved for such 
arrangeiDents as may be necessary for the object in view." 
The plana proposed by Dr. Reid were favourahly noticed, 
■ad i[ was recammended that some, if not all, of his sltera- 
tioua ahoold be Biibmitted to the test of actnal experiment, 
"M the only means of ascertaining with acenrncy the sound- 
i of the principles laid down in the evidence, and their 
Oaefnl application to the future Houses of Pariiament." 

The temporary hnilding for the Houaeof Gi'mmons having 
been fonnd very defective, in respect both of warmth and 
ventilation, this building was placed at the diepngal of Dr. 
Beid. It had been warmed by the ordinary warm water 
lyBiem ; the large fiat tablets through which the water circu- 
lated were placed in a room under the House, and oceupied 
* Burfaee of about 9 feet square ; they were 4 feet high. 

Dr. Reid'a arrangements were as follows ; — Two or three 
feet beneath the floor of the House, a second floor was formed, 
eonlaining abont twenty apertures, each about 18 inches 
■qnare. Beneath the second or lower floor was a long pae- 
Mge, A, Pigs, 112, 113; opening into this were two others of 
tn equal width, b and c ; in the passage, b, whs placed the 
warm water pedestal. Large folding-doors were placed before 
and within these pasaagee ; the tpuiperature of 
the houae above depended on the relative adjustment with each 
other of these folding-doors. Fresh air, either warm or cold, 
according to the season, coald be produced, and exchanged 
from warm tn cold, or the contrary, as the variable external 
temperature of the day nr boar required. This will be under- 
Btood by relerring to the eectinn {Fig. 112) and the plan 
(Pig. 113). The freah air entered from Old Palace Yard, 
jiigh the perforated wait, d. If the folding-doors 1 and 3 
were opened, and all the rest closed, the air would enter the 
ptiHsage A, parsing through the pe 1 1 estals placed in B. anil warm 
Would he supplied to the Houiie above. If air niiide- 
rately wanned were required, the doors 'i and 4: were opened in 
addition to 1 and 2, and two currents, one co\& Ka&. ^% •:i'^«i 
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(rsroi, were then produced, which met aod blended together 
In the passage a, and then ascended. If air of the external 
tamperature only were required, the doorn 3 and 4 were alone 
opened. If required to he only moderately warmed, 3 and 
I were opened, 1 half-opened, 2 closed ; the aiuall folding- 
looM, 6 and <!, were then opened, and a slight current of warm 
lir paesed through the small passage, e, and mixed with the 
sold current entering at a. The folding -duora in this passage 
Boald likewise be opened when 3 and i were closed, and a 
current of warm air would then he conveyed to one end of 
Ehe passage a. 

The air, whether warm or cool, ascended through the aper- 
Inrea a a a, into the space beneath the real floor of the House. 
Immediately over tlieae openings were large platforms, sup- 
»rted by short feet, the effect of which was to disperse the 
[feat body of air admitted. The air then entered through 
ipeninge made in the actual floor of the House, these open- 
jiga being exceedingly small, very close together, and about 
)00,0O0 in number. They were about one-sixtb of an inch 
n diameter on the surface of the floor, but expanded down- 
»arda, to prevent their being stopped with dirt or dust. 
The aides of the House under the galleries were battened or 
nought forward 5 or 6 inches, and in the space thus formed 
letween the framing and the waU, the air Hscended and passed 
}nt through the floors of the members' galleries, perforated for 
iUe purpose in the same manner. The floor of the House 
ladgalleriee was covered wi(hathiuk horse-hair matting, with 
Mge meshes, to allow the air to ascend through them. 

The force which set this great body of ait in motion wat 
he ventilaliug abaft, a, tn which a powerful upward current 
HM generated by means of a large fire, as will presently ba 
ixpUined. 

in summer, when the air transmitted into the House was 
Required to be cool, various oontrivaucea could be resorted to 
Q the chamber immediately behind the perforated wall, d, 
Dhe air might be made to pass into the chamber, a, over wet 
urfacea, and be cooled by evaporation, or ice might be sua- 
tended in netting between the piers in the chamber, 

A. new ceiling was aJso constructed & fevi ie^t^ ^i^tvv *£&% 
n2 
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former one, for the purpose of favouring the tranpmisaioii a 
Bound. This ceiling was divided into three piirtions, the ci 
tra! portion heing horizontal from one end to the other ; 
other two conipartmenta inclined so aa to make an angle 4l 
30° with the floor of the House. These two inclined portioni 
were glazed, but the centre was panelled, so ae to 
the ventilation of the House. An inclination was also give 
to the ceiling heneath the members' galleriea, correspond! 
exactly with the inclination of the lateral compartiuentBUl' 
the newly conatrncted ceiling above. 

The ventilation of the House was accomplished in the follow- 
ing manner ; — Each panel of the centre compartment of tti* 
ceiling was raised by hlocks several inches above their etyle^- 
thus admitting the air of the House into the apace, f, betweei 
the two ceilings. The rapid removal of tliis vitiated air, aa4* 
the consequent rushing in of fresh air ftom below, was effeat*A 
hy the Inrge shaft, a, erected in Cotton Garden, at » distMM 
of about 20 feet from the eastern wall of the building. Abonl||j 
10 feet from the surface of the gronnd was a very large col 
or coal fire, which produced a powerful current up the sbi 
Now the space, p, between the two ceilings of the Horn 
opened at the north end into a large square shaft, which 
continued downwards, and opened underground into the 
cular shaft, a. The consequence of this arrangement < 
that when the current of hot ascending air was producei 
the circulnr shaft, there was a downward draught throagh 
sqnare shaft, thereby rapidly withdrawing the air from will 
the House, and causing the fresh air to rush into it from 
inga in Old Palace Y ard, A damper at b, in the square sbi 
regulated the draught in the shaft, a ; and consequently, u 
was more or less opened, the supply of air to the Hou?s ooqI 
be regulated according to the number of members pieMDt. 

The height of the ventilating ttirret above the ground 
110 feet : it was 12 feet in diameter at the base, and «l 
8 feet at the summit. 

The system thus described was in operation fo; 
years, and might, we think, be pronounced one of the IDI 
I, and, upon the whole, most succsafu! experiniei 
nurming and ventilalion ai ^txiMW^ Ittt hu ' 
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nude in this country. The arrangements showed consider- 
able skill, and displayed a good knowledge of the subject. 
That they were nut completely successful need oot excite 
' surprise when it is considered tbnl the plaoe of eome of 
the most entinent scientific men have been partial failures. 
That Dr. Retd should have failed in doing what he proposed 
to do in the case of every building which be took in hand is 
no wonder, when it is coneidered that eat^h building presenta 
WD peculiar set of diiEculties, and that the facilities are 
dther very few or absent altogether ; for, aa Dr. Birkbeck 
remarked, in his evidence before the Committee, *' Heatl:!^ 
ventilation, especially the latter, seldom enter into tie 
mind of the builder when he projects his building ; he begina 
18 if he did not know that ventilation could be necessary ; he 
tniats to the doors and to the windows, 1^ neither of which 
belongs the businesn of ventilation. The doors admit the 
oocnpants to the chambers ; the windows the light ; and 
apertures ought to be introduced to admit air for ventilation 
B regularly aa the other openings." Or, as Dr. Faraday 
teidarked in another place, " the builder makes the doors 
and the windows to fit as tightly as possible, and then the 
poor chemist is called in to provide fresh sir.'' Under such 
circumstances, the poor chemist can only do his best. The 
VB of nature will not accommodate themselves to him ; he 
a only apply them aa far as they admit of applicaliou in a 
bailding where everything seems to have been arranged for 
the express purpose of defeating their operation. And even 
when the best arrangements are made which the circumstances 
admit of, their efhcient working requires the constant 
Buperintendeuce of a man of intelligence, instead of an ordi- 
nary stoker or porter; for if the room, or court, or liaii, or 
church, or whatever it may be, be very erowded, the ventila- 
tion must be promoted aa much as possible, and the warming 
teatrained. If, on the contrary, the building contain only a 
few persons, and the external temperature be low. the warming 
t be increased, and the ventilation diminished. To meet 
all the circuQistauces of the case, fur summer and for winter, 
for night and for day, without any assistance from the a-tcb-v- 
tect who designed the building, and ^qmt ariati^'6Bit«A% 
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Gonstaiitly exposed to defeat by careless attendants learing 
doors open, or by people constantly coming in or going O' 
— to do all thia to the entiefaetion of every one, is a lauk«'hi< 
few sdentific men would undertake. It was tbe fashion 
cry down Dr. Eeid, and to oall him by all sorts of ugly nunc 
this is very easy, as ia every kind of criticiBm which con^ 
in mere abuse and fault finding; but, alihougb we are J 
partisans of Dr. Reid, we venture to etale our opinion, A 
in the case of the temporary House of Oommotis, wlic 
all the arrangements were left in his own hands, he n 
ceeded in the proposed object of removing the vitiated I 
md keeping up a conalant enpply of warm or cool air to' 
its place. The following extract from a parliamentary dot 
merit contains, in few words, both tbe praise and the cenNiH 
of this system, and with this wb take leave of the eubjec 
" A strong current of prepared air is now admitted, i 
diately under the entire surface of the floor, wiiicb is p 
with many thousand boles ; after passing through these 
tures, the air is again diotributed into many millions of olbtf 
holes, by means of a hair-cloth carpet, through which it 
drawn up towards (he ceiling, where admirable arranj 
have been made by Dr. Tteid for discharging 
apertures in the edges of the panels ; and thus the foul ur 
carried rapidly along a tunnel to feed the great furnace wbil 
createe this current of ventilation. It is obvious that the I 
so drawn up through the hair-cloth carpet must be charg< 
with particles of ground dust or mud from the members' fee 
and that (so impregnated) it must be inhaled by those with 
its reach. I heard many members complain that it reeteqp^ 
their faces, and enters their eyes and nostrils and montiM 
and, from woeful experience, some members know that it Oi 
find its way to their lungs."* 

When I)r. Eeid's system came to be revised, and V 
Goldswortby Gurney was appointed to Buperintend tl 
arrangements for warming and ventilating the Palace ■ 
Weelmioster, some of the details introduced by Dr, Ruid i 
the temporary House of Oommonawere retained. The fra 
air is taken from tbe courts of the palace, filtered tlmiag 
*5irF. TnuchloTlscDantDiiQcuinDD. ¥u.TB.5.¥.ti.%M,S*K. tan. 



! 



Mil. GUENEY'b METBOn. 271 

ins, and, during winter, warmed by being passed over iron 
e or bnfterieB filled with steam. During Bummer these 
batteries are covered witb wet cloths, and a number of spray 
Jets, formed by cansing jets of water to play against small 
discs of metal, which spread the water into filmy (theeis, cool 
down the entering air by evaporation, and charge h wiih the 
reqnisite amount nf moisture. These batteries and spray jets 
Kre arranged in mixing cliambera, situated immediuteiy under 
tfae floors of either Ilonse, and the air thus prepared streams 
into the House through the perforated floor, formed of iron 
{[rating, Che floor of the raised benches being also perforated. 
The perforations are covered with a porous borae-hair cloth 
ormtttting, which prevents the npward ciirrentH from being 
Wt, The force which sets these currents in motion is an 
enornions coke fire, maintained in one case in one of the 
ImttresgeB of the Victoria Tower, which is made hollow for 
tiie purpose, and in the other case in a cbimne3--Bbaft of coH' 
mderabla dimensions. Thess fires are connected, by means 
of closed passages, with the ceilings of the two Houses, 
tbrongh the raised panels of which ihe vitiated air escapes on 
itaway to maintain the combnslion of the coke fires, after the 
wanner shown in Fig. 112, p. 266. In the lower part of the 
palace is a series of steam boilers, both for high and for low 
prewnre steam, from which proceeds an immense assemblaga 
of pipes to every part of this vast structure, which serve either 
SB BonrccB of heat or ventilating forces. The condensed 
water of these pipes is returned to the boilers. 

During the nnusnally warm weather of the summer of the 
yew 1B58, the Thames waa in a constant state of putre- 
factive I'ermentalion, in consequence of the use to which 
vaa 80 unwisely applied, namely, that of a common sewer 
s, city which covers upwards of 150 square miles. The 
Palace of 'Westminster, situated on the hanks of this pesti- 
ferons stream, notwithstanding its elaborate arrangements 
for ventilation, had its supplies of air mure than nsually 
contaminated. Mr. Gurney found that the air entering tiie 
House of Peers and the Houae of Commona through the 
proper ventilating channels could be purified from the river 
■" ZJlt by meaos of the spray jets, wM\e &t m en\»riMi!,'^'i 
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o|ieii windows in the lilimriea and cnmniiltee rooma looking 
towariia tlie river crnilJ be pjirified by caiiBiiiff it to filtol 
tliruii^'li canvas, moistoiied wit]) a weak solution of clilurida 
of zinc and ;:lilurlile of lime, iixeU to all the windows. 
tlie iiiiinth nf June; liowever, tlie river becume ai 
offuiisive that Mr. Guviiey was compelled to report tbit b 
could 110 longer be answerable fur the health of the tw 
HiiiiseB. Accordingly variouH other plana were proposed Gi 
purifying the air, among which was one by Mr. Chirb 
Cowirer, based on Dr. StenhoiiBe'fl experimeiita on the diun 
fectiiig piiwere of charcoal. It bad been known from ti 
time iif Bansfliire that freshly burnt box-wond charcoal e: 
a remarkable abeorptive power on goaea, taking up 90 tim 
itB own bulk it amm.miacal gas, US of hydrochloric acid rh 
iifi of snlphnrous acid. 55 ol' aulpliuretted hydrogen, 35 
carbonic acid, ^'i of carbonic osidi', 9'2 of oxygen, 7*2 e 
nitrogen, and only 1'7 of hydrogen, an order almost identici 
with that of the uolubility of the same gasea in water. 
remarkable action of finely divided ch.'^rcoal ou palresoiUl 
matter had also been known : animal rnatter in a high 1 
factive BtaLe ceanes to be offensive when covered with a layem 
charcoal : it cnuiiiiuee to decay, but it emits no fcetid odour 
the carbon which it evolves ie dissipated aa a 
while the hydrogen remains la the form of water, and t 
nitrogen as nitric acid. The action of the charcoal but ' 
Bbown by Dr. Stenhouse to consist in a rapid prucwei a 
oxidation, dependent on its ]X)wer of condensing oxygen 
Bo efficient and rapid is the action of the charcoal that Dl 
Stenhouse pro]ioaed to employ a respirator filled w' 
OS a covering to the mouth and nosiriis in an infected atfna 
sphere, and to use traya or screena filled with powdered WOIX 
charcoal in dieeecting rooms, in the wards of hospitals, ii 
water-closeta, and in places where putrescent animal iuatt« 
ia present. In all snch cases the disinlecting powers of cfau 
cou! have been very apparent. Mr. Cowper proptised b 
have the air for supplying the Houses of Parliament drawl 
through a large chamber or room filled with aticke of cbarcoi 
tree trum dust, and, as a further precaution, to draw the i ' 
oat of the baae of tlie Clock To\vtii,kee,igvag»U.V{lQdow8S 
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3 that all the air moet enter at the belfr.v, aboni 
t more abuve the grouud." 
theatruB and siiuJlar places, where a large central chan- 
' is used for the piirpoaea of ilhinii nation, advautuge may 
sen thereof as a powerful veniiluciiig ageul. This was 
many years ago by the Marquia of Chabannea, who was 
;ed to warm and ventilate Cuveut (jarden Theatre ; aud 
Tangemeuta will he underatood hy re- 
g to Fig. lit, in whieh a is the 
lelier; d, a pipe of wrought iron for 
inrpoae of carrying off the heat and 
iruducts of coinhuation ; e, a, woodea 
into which air fliiwa at o and s from 
tiling; mm. pipea which conduct the 
ad air from other parts of the houae. 
8 of the galleries was placed a furnace, 
imbuatiou of which was supported by 
Ltiated air from several tiers of baxee. 
lilar furnace was placed over the stage, 
be gas chandeher ventilated the cen- 
The vitiated air from all parts of 
ouse was discharged above tlie roo^ 
gh three trunha, each terminating in 
ivl, -u. The air admitted into the 
re to replace that which was carried 
f this powerful ventilating apparatuaf 
carmed by means of a furnace, called 
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•; placed at every entrance and 
aee which communicated with the eaternal 
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[ring thfl aammer of 1859, Iha Thames being also in sn offeasive con- 
it ma placed under the medical care of Profoaor Miller, of Kina'a 
I, Loadon. The offensive condition of the river iacreased Tfith Iha 
stare, which in July tiequenlly reached 74" or 75, when the mud left 
d to the action of the sun piiTreiiad and prcdouad a sichenlnK stench, 
acted as a ferment oi) the putrescihie, but not provioualj? patrid 
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etage, and the parts behind the cnrlain, were wanned b 
Bteam cylindiirs placed below the stage. Oalorifere vrece til 
placed at every other puint whence a draught of cold air wH 
likely to issue. The effect of all these arrangementa f 
upon the whule, Batisfactury ; and it is certain that thi^ 
theatre v/an better warmed acid ventilated than anv other IB 
London. OomplaintB, of courae, were made. The i 
sphere of the hotiee was enid to have a dry and stifling effect 
and, no doubt, in cold weather, the air must have been dry 
for, if admitted at and below the freezing temperature 
then warmed to tJfi^ before it waa inhaled, it would feel dry 
But those who complained most loudly probably nevw 
inquired whether pure dry air at 65° h not far better fitted 
for the purposes of respiration than the vitiated air of crowdtt 
assemblies, the moisture of which is of the most offeauTi 
character. 

The preceding details will sufficiently illustrate the prin 
ciple upon wliich. ventiktion is conducted when tire or fltuni 
is used as the force to give motion to the ventilating curreal 
The use of hut water, sieam, &c., as ventilating agenta, wii 
be noticed in another chapter. Then 
applications of ventilaiion, in which Q 
earned, which belong to this chapter 
tion of lighthouses and of mines. 

Until within the last seven or eight years, no provision w 
made for the ventilation of ligbthonses. a neglect or overugU 
the more extraordinary when it is conaidered that tl 
efficiency of a lighthouse depends on the brilliancy of ti 
light exhibited, and this, in its turn, depends on the p4 
fection of the combustion. If no means he taken to carry (A 
the products of combustion, they must accumulate withia tl 
lantern, and greatly interfere with the usefulness of the lig1i() 
aa well as injure the health of the attendants. 

Let us consider for a moment what a lighthoi 
what are the nature and amount of the products of cornhnstiuil 
generated within it. A lighthouse may be defined a 
room raised to the top of a tower aufficienlly atrong to r 
the action of the waves and wind, as ia the Eddystone,,! 
tJie wind in all cases ; to bear aU ftie \iea\.™£ aui \ ' ' 
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the Btorm, and yet to be only walled with glass. Within 
this transparent room or lantern, a brilliant light or many 
brilliant lights must he kept corBtnnlly burning during six- 
teen houra on a winter's night, and during eight honrs in 
flaminer. According to one arrangement, a large and very 
|K)werful lamp ia fixed in the centre of the lantern, and thia 
Iturns or ooiisumeB from 12 to 14 pints of oil in one hour. 
According to another arrangement, twenty or thirty small 
Argand tamps, each n'ith a polished reflector behind it, are 
mounted on a revolving frame, and those consumo from 16 
to 20 pints of oil in one hour. 

Now, OS oil in every 100 parts contains 78 parts of carbon, 
ll'B parts of hydrogen, and lO-fi of oxygen, it will be seen 
&%t the products of combnstion mnst chiefly consist of water 
■nd carbonic acid. Now there is enough hydrogen in 1 lb. 
(if oil to produce rather more than 1 lb. of water; because 
1' {Wit of hydrogen combines with 8 parts of the oxygen of 
tkfl ait to produce 9 parts of witter. 

Tba 78 parte of carbon in 1 lb. of oil will, in hke manner, 
firodace 2-^^ lbs, of carbonic acid ; that is, the carbon will 
daprlve the air of nearly 3 lbs. weight of its oxygen, thus 
■poiltng 13^ lbs., or 172^ cubic feet of air, by depriving it of 
its oxygen. 

Buch being the products of combustion of 1 Ih. of oil, it 
u ewy to ascertain the products of the combustion of 12-^ 
ftinta of oil, the quantity cuneumed per hour in the Tynemouth 
lighthouse. The most obvious inconvenience arises from the 
water, of which not less than 20 6uid pints are produced per 
hour; for that is the given quantity, if the vapour, as it ia 
^ven off, were condensed. Now the lantern itself, in cold 
weather, affonls a powerful means of condensation, especially 
when a cold frosty wind is blowing upon it. In auch case, 
the vapour is not only condensed into water, but the water is 
frosen, and the ptate-glaaa of the lantern is often covered with 
» orostof ice, varying from a quarter to half an inch in thick- 
ness. If this ice were perfectly pure aud transparent, it 
wi>uld dim and distort the light ; but the vapour of water 
from the oil carries with it minute particles of carbon or 
l' soot, whicJi eomJense with the water, and tecomt wi'i,aQ^«& 
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with the ice, thereby producing a further opacity. Th 
GBrbonic acid ie chiefly iiijuriouH to the stteiidautB. Tb 
men nt the Edilyatone li^hthoiiae told me. aome yeai 
aa;<i. that during the long nighta of winter, they bad grei 
difliciilty of breathing in the lantern, and that the "fel 
air" deBcendeii into the sleeping apartment below, and pn 
diiced great inconvenience. They also complained of d 
enormous amount of labour which they bad every inoruiQ 
in clenning the glass panes of the lantern, aud the difficulty I 
getting rid of the ice. It was sometimes evea dangerous 1 
scrape it ofl', from the riuk of fracturing the glass. 

The attention of (he Trinity Board had long been directc 
to the reni'ival of these eviia, and about the year 1842 tb< 
requested Dr. Faraday to turn his attention to the eubJM 
Be did BO, and after visiting variuua lighthousea, and makin 
himself master of all the facts of the case, be deviaeil 
remedy as simple and complete as could be desired. Ti 
results of his investigation vere given by him to the metnbe 
of the Royal Institution, in a lecture, on Friday evening, tl 
7th of April. 1843, which I had the privilege of attending. 

In those lighthouses containing a single lamp in the cenD 
of the lantern, the remedy consisted in lengthening d 
chimney of the lamp, or rather in placing over the git 
chimney a tube of sheet iron, and carrying it through tl 
roof of the lantern into the open air, the upper extremit;^ i 
this tube being defended from the weather by a cover of UB 
kind. In the other arrangement a central chimuey wat dl 
coQHtructed, and over the glass chimney of each lamp wi 
placed one extremity of a small tube, and this tube wi 
curved in such a way, that the other extremity opeoed ini 
the central chimney. These tubes, one for each of tl 
twenty or thirty lamps, were supported by the I'ratne wlii< 
carried the lamps aud their reflectors, and 'aa the fm 
revolved, the ends of the tubes described each a amall di 
within the central chimney without touching it. In this 
rhe Biuall tubes carried off all the products of combuatii 
without interfering with the reflectors. The resul 
canes was perfect : the central chimney ovtr the large lau| 
■i^jjed off all Ike pruduutb uE ojm>>iu\ivaii -, B&.>i \U<e 
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tnbes over the lamps in the revolving lights also dieeharged 
the products of combustion into the central chimney, and 
this conveyed them to the outer air, Tlie cunBequeiice wae, 
that the interior of the lantern wast always dry and healthy, 
and the windows remained pL-rfectly bright. This system, 
a Dr, Faraday well remarked, may be called an adaptution 
of teuxrage to the atmosphere. Atrial aeuers are employed 
to carry iff the refuse of the spoiled air, instead of allowing 
it to accomtilate in the bouse or apartment. 

The success which attended this simple and beautiful appli- 
cation of ventilating chimneys, suggested to JDr. Faraday its 
introduction iulodwelliDg-honses.for the purpose of completely 
Bud effectually dischargiug into the external air the producta 
of the combuslion of gas-lniups. Ue was, moreover, incited 
to thia in coneequence of an application from the Managing 
Board of the Aihenseum Club, who found that in the library 
of that institution, the biiidinga of many of the books, espe- 
cially of those on the upper shelves, were very ranch corroded, 
an effect which was attributed to the products of combustiou 
■rising from the gaSTlamps with which the library was lighted. 
Now lib. of ordinary London gas produces, during combus- 
tion, as much as 2^ lbs. of water, rather more than 2jj Iba. 
of carbonic acid, and takes from the atmosphere 2^ lbs. of 
oxygen ; thus spoiling 19^ lbs. of air, or 251 cubic feet. But 
in addition to these products, sulphurous acid is also some- . 
times produced, owing to the presence of certain sulphurous 
compounds, which are not wholly removed in the process of 
purification. This sulphurous acid, in contact with the air, 
becomes converted into sulphuric acid, which attacks walls, 
furniture, hooks, &c. Dr. Faraday ooUeeted some of the 
watery products of combustion from the gas-burners at the 
AtheusBum, and found it to contain sulphuric acid ; the ven- 
tilating tubes placed over the flame were corroded by the 
acid water in the places where it condensed, and formed a 
Bolid sulphate within the tube, of iron or di copper, according 
to the metal used. But Dr. Faraday did not attribute the 
corrosion of the books entirely to this source, but partly also 
to the heat, and partly to certain substanoes used by the 
leather dreaser. 
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It is common to see in abop windows large grlass bel 
BDip«nded over tbe gtasa eliimaeys of gsH-bnrners. The 

are.ofconrse, (ifnonsein carrying off tlie ptodiicts of combt 
tioD, bot merely serve to prevent the flame from Mackenli 
the ceiling. But if a pipe from Ihe top of each lamp be Ii 
ont into the open air, or into the chimney of the room, n 
only are tlie proUacta of combusiion carried away, but the ga 
bnmerB tbemselvea often become powerful and efficient in 
latora to the whole apartment, instead of being, as befort, 
powerfol source of vitiation. The incoavenienc 
against ia the condensation of water in the pipe, for at a Bbo 
distance from the j^as-flame, the watery product of eumbn 
tion becoming cooled, condenses iulo water before it reae^) 
tbe extremity of the ventilating tube ; and if the tube aaoeiK 
all the way from the burner, the water will even flow bao 
and extinguish the flame, or otherwise annoy tbe persona i 
the room. 

But as the appearance of these ascending ventilating ti 
in a room is rather nnaightly. Dr. Faraday got rid of thei 
altogether by making the hut air from each burner AoA 
instead of ascending. This he accomplished by furnishiti 
each burner wifh two concentric glass cbimnei 
height, the lower one being the interior. The ext-rior c 
higher of the two chimneys is covered with a plate ofinioi 
BO as to prevent the drauu;ht from ascending higher than 111 
top of tills chimney. The descending cnrrent ia e 
by applying heat to the hend of a ventilating tube, fixed 'i 
the bottom of the two chimneys, and tnrning upwarda tart 
the ornaments of the ohaudelier. Wlien this current ia fi 
estahlifahed, tbe gas is lighted, and the mica plate placed □ 
the outer chimney. Each Argand burner ia supplied i 
air in the ordinary way through the centre, and the ] 
ducta of combustion are carried from the top of the lot 
chimney, down through the space between that and ) 
exterior chimney, (hen along the descending ventilatin 
tubes up into a central vertii-'al aliaft, which serves also t 
auspend the chandelier and to enclose the gas-pipes ; the pro 
ducts of comhaation arc then received into a box above, an 
/rom til's proceeds a pipe into the open an, &. ^lobe t 
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glo^B, open only at the bottom, is placed over each 

lamp, and has au elegant though unuBiiol appearance. It ia 
said that the two glass chimneys produce mure perfect com- 
boBtion, and, conBeqnently, a greater amount of light, than 
with an ordinary Argand hiirner with only one chimney. 
The flame ia certainly larger, and of a redder coloar than the 
ordinary gas flame. 

Many years ago Tredgold recommended a ei'phon for 
■withdrawing the tbiil air from the interior of apartmenta. 
"If an inverted siphon," he Baye, "be placed with one leg 
in ttie chimney, eo near to the hre that the air in that leg 
will be warmer than the air in the other leg, motion will 
taka place ; for the air will ascend in the warm leg and go up 
the chimney, and a deaeending current in the coo! leg will 
take the air from the room. To render the application of 
thia principle auccessful, the mouth of the tube ehoujd he at 
the ceiling of the apartment; the lowest part of the curve 
■hould be, an much as convenient, below the point where the 
he&t ia applied ; and the aperture through which the air 
flowB into the chimney should be formed so that the soot may 
not fall down the tube ; also, the mouth should have a register 
to dose it, or regulate the ventilation." 

The ventilation of a coal-mine ie regulated on the principle 
of deaeending and ascending drauglits. The reader ie aware 
that those enormous deposits of coal which form so large and 
important a portion of the mineral wealth of Ureat Britain, 
ksre called coid-fidds, in which the coal, situated at various 
idapths from the surface, ia separated into a number of dis- 
Itinct layers or strata, of various tliicknesaes, by means of 
llayera or strata of slaty clay, called thale, and coarse hard 

t sandstone, called gi-it, forming altogether what are called the 
axii-Tneaiurei ; or in other words, beds of sandstone, shale, 
\fi*y, and coal, lie one above another, in repeated alternations, 
[to a great depth. The strata of coal, however, technically 
Icallad teams, are very thin, compared with the other asso- 
[ ciated beds. Though extending under large tracts of country, 
they are often only a few inches thick, and never more than 
except one seam in Staflbrdsbire, which is 30 feet, 
iterposad strata oi grit »\id rfosle olVea ^vtifA 
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700 feet in aggregate IhiclineM, Under ibia aeries b th« 
luuiintain limeBtone, forming varions calcareoaaetrataofvari-' 
alile tliicbtiess, sometiiiipa eiceediiig 900 feet. Tliia lin 
reata on a bed of old red aaudelane, varying in tliickiieaa from 
200 to 2,000 feet. The term coai-formalim sonieiiiuet 
includea tlieae two great aeries of etrata. although, in general, 
the coal-meaBiirea lie above them, the lowest coal-aeam com- 
monly resting immediately on the moiintaio lim 

The varions depoaita which form the cual- measures do not 
occur in ref;ular horizontal unbroken planes. When fint 
deposited, they were dimbileas in this condition, but at vi 
times, this horixoutal position has been disturbed by ei 
upheaving forte from below, whereby the coal-measures h. 
in many districts, been made to assume the shape of a huge 
trough or basin, rising on all sides from a central point, tha 
aidea of the baain being composed of sandstone or limestone, 
and tlie middle filled up by strata superior to the ooil- 
meaaures, such as magneaian limestone and new red aond- 
Btoue. Now it follows from this arraugement that ihs i 
edge or boundary line of each atratum must appear at tha 
surface aomewhat like the concentric layers of ai " 
two. This " coming to the day," or appearance of the cOal 
■t the surface of the ground, is called the hauet or oah 
and serves to determine the outer form or side of ihe b 
Bot the internal upheaving force (whatever it may hara 
been) which converted the horizontal strata into baain-shaped^ 
arrangements, seema. at the same time, to have produced' 
certain fiasutes or fractures, often nearly vertical, and stretch- 
ing through the whole mass. These rents are called di/ha, 
because they divide the seama or bands of coat wXo jiel^: 
and some of them are ao considerable as to find a plac 
geological maps. 

In order to ascertain where the deposit of coal is most 
advantageous for working, boring is resorted to, and whei 
the spot ia determined, a cylindrical or elliptical shaft, froD 
10 to 15 feet in diameter, is sunk. The depth may varj 
from 25 fathoms (loO leet) to 300 lathoms (1,BU0 feet) befora 
the seam intended to be worked ia reached. When this il 
9 ainkijig of the shaft u d\acQUili\i,'\i«&, wA & \na^ 
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traight passage, colleil a lord or mother-gale, is driveu from it 
utu the Beam of coal iti oppoeite dirtcLiuuB, Tliia burd is 
,2 or 14 feet lircmii, and of the whole height of the seam, 
O as to expuae the rock above, which in iiuw called the roof, 
ind also the Btratiim below, which forms the IMU or flour. 
t is aim) necessary to drive a poBaage, called the drip-htad, 
Hp-head, or main level, for collecting the water of the mine. 
^rom tliis level gallery, uiimeroiis other galleries are ilriven 
lOWnrUe the rise of the strata, till tliey reach either the out- 
Snip of the seam, or the dip-head gallery of ao adjoiniag 
wlliery. The direction of the borda is arranged ao as to 
bUow the natural cleavage of the coal, wliich forms their 
ndee, and, consequently, is not always at right angles with 
the dip-head, VVheu a hord has been excavated Bome 
lietance, narrow paeaages, called hcadwage, are driven from 
It at reg<dar intervals on both aidea, and exactly at right 
ingles, if the natural cleavage of the coal he cubical, aa it 
generally is; and when tbeae have been driven eight or ten 
)rards, they are made to commuuicate with other borda, which 
kre opened parallel to the first, and on each side of it. In 
this way, the bed of coal is entirely laid open, and intersected 
hy broad parallel passages about 8 yarda apart, communicating ■ 
ivith each oth'-r by narrower poBBages or headways, which 
ETOflB them at right angles, and also traverse the whole extent 
tf the mine, breaking up the seam into immense square or 
rectangular pdlara, which are left standing between the two. 
[n this state, a coal-mine has been aptly compared to a regu- 
larly built town, the bords being tlie principal Etreets, the 
headways the narrower streeti which cross them, while the 
[MllarB of coal form the masses or bloeke of buildings. 

Aa these pillars of coal form frequently as much as three- 
bartba, and never less than one-third of the whole seam, many 
■nethods have been contrived for removing them without 
danger. The best method of working is thai ca lied poiiei- 
work, by which the mine is divided into dialricts or panels, 
leparaled from each other by walls of coal 40 or 60 yards 
Click. The coal is extracted from each in succession, begin- 
ning UBually with the one most dietaui from the shaft. Largs 
of coal are Brat left betweea the boria Va Bi.\|"5«tv "io.* 



ilb'l PANEL WORK. H 

roof the p llsrs thems Ives are tli n remo eA the roof beti^| 
supported n the meant me by wooien p ops and the pU^H 
where ) eae pr pa repines a. p liar s caUeil aj d In tim^H 
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open, but no pillars as yet removed; ia 
ein^ extracted, and the roof h falling in, i 
oaf; the panel, d, ia entirely worked 

B proapeota of the mine appear to be favo 
t is, in Bonie eases, sunk at some distance f 
en acommuniention baa been established h 
made the downcast, and the other upcaU ; 
ndiicted from the downcast shaft through 
jrkiagfl, which it ia made mvciweCTiemwii; 
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hf meane of ttopping» or doors in cariona places, to oliBtract 
ita pasiage and give a proper directioo to the current in 
pasBing to tlie iipcaat shaft. The force which Beta this venti- 
lating current in motion, is n large fire kept constaolly burn- 
ing in some part of the npcaet ehaft. The Bnppliea of fresh 
ur padaiug into a mine must, of course, vary coitBtderably. 
In Ihe Wallsend Colliery, they vary from 2,ttX) to 3,000, and 
UccaaioTiaily 3,800 onbic feet per minute. In Bome of the 
large workiuga, the air bae to traveree many mites of gallery 
Wore it reaches the upcast Bhaft, and ia frequently twelve 
hoara in doing ao, moving at the ordinary rate of 2 or 2J feet 
per second. Many coal-minea are worked without ihia 
second ehaf^, ita place being anpplied by dividing the single 
abaft into two distinct portiona, by means of an air-tight 
partition called a brattice, one division being downcast, and the 
other npcaat. The larger ahafis (those 15 feet in diameter) are 
■oiDetimes divided into three porta, one of which is Dsed for 
Taieing the coal to the surface, another for working the pumpa 
for the drainage of the mine, and a tliird for ventilation, for 
brioging op the air that has puased throngh the workings. 

The necesaity for perfect ventilation in a coal-mine ia more 
urgent than in other mines, on account of the escape from 
the coal of large quantities oF carburettcd hydrogen gaa (called 
fire'daanp by ibe miners), which, mingling with the air of the 
mine in certain proportions, forma a misture which esplodea 
on contact with flame. This gas is very much lighter than 
coromoQ air, mingles readily with it, and when poured out 
into the workings, moves along with the ventilating current 
in the direction of the upcast shaft. The quantity of gaa 
tbne poured out is very considerable, but Buliject to great 
Tarlation, some aeama being more fiery, or full of gaa, than 
others ; and, in working these Scry seams, it ie not uncommon 
for a jet of inflammable gaa to issue trom every hole made 
fop the gunponder xiaed in blasting. But, in addition to this 
OOQBtant supply, there is danger of sudden dischargea from 
cavities in the coal, laid open by the hewer's pick-nxa. The 
gaa iaanea from these cavities with considerable noiae, and 
forms what is termed a bloicer. These blowers are sometimes 
I M oonataat in their action, that ^e gaa ^ cqW^Xk^ wl^ «» 
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veyed by a tube tnla the upcast sbaft, conliauing for montlii 
or years tn pour out hundrE'iiit or tliousQiids of hogsheads cf 
fire-damp per niiuute. Wheu thus pruviJed for, ibe bluwen 
are not necessarily a source of dauger ; but when one of tht 
reeervuire contaiiiiug the peut-up gas of centuries, and iX>Q- 
aequeiitly under an enoimoua pressure, is audileoly brokn 
opeu, the gas is set free in torrenls, and mingling with tha 
air of the mine, forms an explosive mixture which the fitsl 
spark or naked flame may ignite, and thus cauae a feufid' 
destruction both of life and property. Not is the ezplosioa 
itself alwaya the thing to be dreaded moat ; for the igniuoD 
of the fire-damp kindles the coal-duat, which always exislt in 
great quantities in the passagea, and. in d moment, causes the 
mine to glow like a furnace. This conflagration is necessarily 
succeeded by vast volumes of carbonic acid, or choke-damp, 
as it is emphatically called, horn its suffocating character, aod 
this destroya those whom the explosion had spared. 

It was to guard against accidents of this character that ffir 
Humphry Davy invented his eafety lamp, a beautiful anl 
simple contrivance, consisting merely of a common oil-tam[s' 
the flame of which ia completely enclosed within a cylinder 
of wire gauze, a substance which will not admit of the paasagft 
of flame ; so that, although tha lamp be introduced into 
explosive mixture, the flame will not pass through the 
to ignite it. Of course the efficacy of the lamp dependa 
the soundness of the wire gauze ; for if this be broken u>d 
injured, the flame is not protected ; or if the lamp be moved 
Bwifdy through an explosive atmosphere, the flame may b* 

j blown against, and even through, the meshes of the gauze, 
and, in either case, might lead to an explosion. When the 
lamp burns in an atmosphere highly charged with flre-danip, 
the gas gets within the meshes, and burns with a blue flame, 
which haaCs the wire gauze to redness. Even this stale of 
tha lamp will not produce an explosion, but of course it was 

I never intended that the workman should go on working with 
the lamp in this condition. The blue flame wilhiu the lamp 
ought always to be a caution to him to retire, until the mine 
be rendered safe by ventilation. From too great reliance, in 

kst/casea, on the Davy lamp, from iiBg\«,c\,,»ixd.ftwa^«xiaui 
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Other cflTiaes, thia lamp has disappoinfecl the expecUtionB of 
ttiofle moBt intereeted in ita uae ; aud experienced men now 
Took for flafety rather to improved methods of ventilation, 
thsn to contrivances for lighting the mines. The general 
plan of ventilation now in common uae will be nnderatood 
from the following detaila. in addition to those already given. 
When a seam is begun to be worked, there ia, of course, 
only one available ahafl for ventilation, and this is divided 
into two portions, aa &t a b (Fig. 116), for the ascending and 
deaoending currents ; and aa it ia not aafe for the men to ho 
ever more than a few yards in advance of the course of the 



fig, 118. Mode of Ventilating Passages. 

they begin working the seam wilh two parallel hordii. 
Connected at intervals by cross paBsagea, which are snccea- 
uvely stopped by wooden partitiuna, ccc, leaving no oom- 
tnunication except through the one last opened, or that which 
ia farthest fnim the shaft. Temporary partitions are alao 
I^aced at e e, to direct the current to the very spots where 
die men are at work, as at to w. When the workings ara 
more advanced, the direction of the current tliroii^h every 
part, by nloppivga or partitions, becomea a matter of no email 
complexity, as will be seen by the plan (Fig. 117), where the 
BiTowB represent the course of the air from the downcast 
shaf):, a, through all tha galleries to the upcast shaft, b. It 
wilt be seen that in moat places the current is divided between 
the parallel bords ; tins ia called doubl-e conning ; and ita 
sdvantage ia, that if any part of the mine is more fiery or 
dangerous than the rest, the current can there be confined to 
one course, and thus have its velocity doubled ; while in the 
parts containing least gas, the same current can he allowed to 
eKpanil into three (iRSHages, which ia called Ireble conning. 
The double stoppinga in Fig. 117 represent ihoae in which 
doors of communication are required. These are made in 
pairs, in order that a person may paaa &Toa^\v Wto., *& ». 
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barge through & canal lock, withoDt allowing the tnaio bodii 
of air to communlcftte. To ensure this, they are aometimi 




Hg U7 Plan, with \ealilfltmE Ai 

made even treble, and o bo> la placed in charge of each j 
or Bet of three whose duty it is to prevent them from be 
all opened at unce 

As it 18 not safe to allow the fool air from the more fi 
parts of the mine to come in contact wilh the fire at 
botlom of the npcaat shaft which selB ihc ^hole ventibt 
enrrent in motion, it is oHual to diMde ihe air as it enters 
mine by the ahnJt, a, Fi^- 117. into two distinct currents, 
of which proceeds through the passagea, e e, into the safe _ 
of the mine only, while tho other, c r.circuUtea through thefit 
parts rcpresoutcd Ij_v ilie liyhter shade, including the gos 
or old aljandoned workinj 
I ' wliich are always ihe roc 

■ ■ iliingeroua receptacles of gi 

.'' , The purer clirrent alone 

I nljowed to pass through tl 

~^.t --- I " --"' i nM^ JVnK furnace, /. before cuteril 

■=-^^— -— -■ --7-=^.-^;-i^- theupcaetahnft.i.Theotlil 
Fig. 118. Dumb Furnace. current ia conducted thrOBg 

d, and enters the shaft at a higher level by a tnnnel cot o1 
liqnely tlirongh the roof of the seam, ds in Fig, 118, where 
represents the npcast shaft, b tlie impure current, and a 
pure current, feeding the furnace, which, whea t^os 
atmoted, ia termed a dumib faiii«£«. 
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_ jo&fs, or abandoned workmgB, are sometimeB of vast 
Eteni, and are known to occupy from 13 to 97 acres of 
gronnd. Tiiey may be compared to enormona inverted 
bowls or baains, in whicb the inflammable gas from various 
parts of the miue accumulates, and, from its lightuesa, occu- 
lies, at firHt. ihe npper part of the goaf: aa it increaaea in 
•i^uantity, or even ae the atmoapberic presanre dimiuiahea, it 
tmay euddenly fill the goaf, and iiane from it£ loweat edge as 
&om the edge of an inverted bowl, and, mingling with the air 
lef the mine, form an exploaive mixture, thus giving Hae to 
Many sad accidenla. Such appears to have been the origin 
of the esploaion in HaawelJ Colliery, Durham, in September, 
1.844, by which ninety-five pereons perished. Dr. Faraday, 
who, in conjunction with Sir Charles Lyell, visited the mine 
ifter the accident, with a view to deviae aorae remedy against 
the lecurrence of similar accidents, recommended that the 
foaf ilaelf be ventilated. He ihonght it would not be desirable 
O attempt this by driving the contents of the goaf through 
■ny parts of the mine which are occupied by human beioga; 
but that the goaf cavity might be exhausted of noxious air 
if means of a pipe, rising as high as possible, from 4: to 6 or 
LO feet into it, and cummunicaiing at its other extremity 
nth the upcast shaft. Dr. Faraday expressed himself as 
Ming disheartened at the apparent hopulessneaa of finding 
rat any good general remedy for these explosions, which, 
mre not simply the efftcta arising from the mixture of 
^08, but from the comhuation of the coal-dust and coal- 
W produced by the first explosion. In the fatal caae at 
laswell, the place where the accident originated had been 
jitMrtained, and the progress of the fire could be traced 
um the scorched beams and propa of the galleries, and by 
Itlta deposits of coke made from the coal-duat which ths 
lexploaion raised. To this circumstance the great force 
iof the fjiplosion was due, and not to Ihe first eacapa 
vf gas. A similar explosion had been known to take place 
n a ootton-wadiibig manufactory, the whole atmosphere 
if the place being fired hy means of the particles of coltoa 
Of all the workmen killed in the Haswell accident, 
: was really barnt to death, but auffocated by 
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the choke-datnp. In one part of the workings, the explfwi 
had produced sharp vihrations, like the firing of gnnponde 
and in another, the burning went on slowly, Ube a comm 
fire. But, although two paneh were blown into one, k 
aolid stoppings of brickwork thrown down, there was ■ 
indication of accident in the ehaft. If the stoppiogH hod n 
been blown down, and the supply of air had continaed, t 
mine would have taken fire, and the men been biimt inste 
of choked. Every part of the Haswell Coiliery had b« 
examined, accompanied by the mine-viewer, and recomroe 
dalions had been received from the best -informed men on ( 
spot ; and (hey were convinced that the condittona nnd 
which such BcciJenta happen were so variable, that no gena 
practical rule could he obtained. Far more iuformatioD, hoi 
ever, waa required. The plan of splitting the air conn 
was good, as far as the power of the upcast shaft admitts 
but if carried too far, it would produce stagnant points, whi 
could not be prevented by any arrangement consistently wi 
the ever-moving condition of the works. The abolition 
the nee of gunpowder and lighted candles would, in sonW 
cases, double the price of coals. But the great sonrce <fl 
danger was the mental condition of the miners. Witk 
regard to the present race, this was so hopeless that DOlkiDg 
could be done for them. Although smoking was BtricttJ' 
forbidden, they had been known to contrive to li^ht theil 
pipes iri dangerous workings, even from the Davy lamp ; ■ 
Dr. Faraday had himself, on one occasion, sat down with 
open candle, to watch ihe preparations for blasting, and, wh 
he inquired for the gunpowder, he waa told he waa eillinji; tit 
it. Dr. Faraday espressed his opinion of the saftny of ifa^ 
Davy lamp when properly used, and of its being o compkl ' 
and practical contrivance, to which he would willingly 
his own life, as he had already done on many occasioDS. 
Fane are now getting into use for the ventilstion of 
pits. A large fan. worked by a steam-engine, is placed 
a short shaft conimunicaiing with the upcast abaft by 
lateral chunuel; and a double trap-door, Ibrming a kind 
roii^h valve, is placed over the mouth of the upcast shi 
Mnd kept closed except when l\ie cot-ica we ^wto^. 
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CHAPTER IV. 

ON BPOKTANBOUS VENTILATION. 

Thk neceaaity of placing ventilating arrangements as far as 
pomible beyoud the directioQ and control of iha inmates of 
I^e bonae or room to be ventilated has been aufBciently inBiateil 
OU. Ventilation, like respiration, elionld be an unconscious 
BOt, BO to speak, producing inconvenience only when it is 
interfered with or interrupted. Arrangements for it shunld 
form an adequate proportion uf the structure of the builiiiug, 
B to Bilmit fresli air and discharge the foul witli as much 
^gularity as the windows admit tiin light and the chimney- 
fihdft diacharges the smoke. 

Oua of the earliest mechanical contrlvancee for ventilation 




Fig. UB. Wind ConducWr iJ Egrpt. 

ii the mVffgvf, or wind conductor of the ancient Egyptians, 
&ad Etill in use in modern Egypt. It was erected aC the tup 
of the house, as in Fig. 119, and cocaiBUil of ^ ft«m.% cfi>s>»«A. 
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or enclosed on all eides, except at the mouths, which wer» 
open iu thd direction of the prevailing winds. The roof at. 
the miilguf sloped down from each open end to the c 
where a partition divided it, and deflected the wind down inUt 
the apartmeutB below, Mr. WilkiQBOD, in his work on Egypt, 
gives a view of part of Cairo, flhowing- the mulgnfe o 
houses of the modern Egyptians. The ancient miil^ufa wert 
double, aa ahown in the figure, but tbe modern ones are sto^' 
and the opening is in the direction of the prevailing northi 
weat wind. They consist of strong framework, to wbisH 
eeveral planks of wood are nailed, according to tbe breadtt 
and length proposed ; and if required of cheaper materiib 
reeds or mats, covered n itb stucco, are used instead of plinld 

This contrii ante acts on a similar principle to the it ' 
tail noticed in a former chapter ; but, being fixed in poutioii^ 
It acta spontaneously or independently of the inmates of tl 
houee 

The cbimney-valve la another of those Bpontaneoas OOI 
tnvaucea that oontnbate to the health of a room. It w 
devieed by Dr Franbhn, in connection with bis Pennsyl 
vaman fire place (Fig 28, p 17), and ita merits are deacribM 
in the inventor's own language at page 98. It is represcntet 
m its sinipleHt form in Fig 120. It consists of an obianf 
metal frame fixed into the chimney' 
abaft of tbe room near the ceiling. Thi 
object of the contrivance ia to tain 
advantage of tbe ventilating forcfl (ur 
nisbcd by the upward draught of lb 
oliimney to draw off the upper atn 
the air of tbe room through the fi 
into tbe flue, whilst it prevents doini' 
draughts A balanced metal valv 
"'' ""'"' was fitted by Dr. Arnott (whence U 
usually known as '' the Arnott chimney-valTe"] 
or a light Bap of silk may be supported behind b perfbrkU 
metal plate placed in the frame opening into the room,' 
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JB remarked in the Barracks' Oommission Report that this 
Talve, like every other, requires certain conditions for its 
action. If the throat of the chimney he very wide, the quan- 
tity of air and smoke which pasa up the ahaft from below will 
"he more than the chimney at its narrowest part, where the 
Ventilator ia placed, can accommodate, and the emoke wilt 
coneequendy paaa through the valve into the roiim, Uence 
(t is neceafiary in fitting this valve to contract the throat of 
the chimney, ao bm to leave a balance in the draught, to be 
supplied hy air pasfiiug through the v&lve ; hat aa the amount 
of ^ia balance or the number of cubic feet of air which can 
)asa through thia valve into the chinmey per honr is very 
imited, this form of ventilator ia not adapted for a room 
[ikely to be crowded. I can speak from experience of its uaa 
[n ft room occupied daily by four or five peraona, with four 
eandlea hurning every night. There ia always a strong 
draught through the valve into the chimney, the smell of 
dinner quickly paeaea away, and the room alwaya feeb freah 
Knd pleasant. I have not made any special experimeuta on 
the acrioQ of this valve beyond holdiog a piece of lighted paper 
near it, when the flame is drawn in, but after the consider- 
able doubt that haa been thrown by Mr. Campbell'a experi- 
■QentB (aee p. 210, Fig. 80), as to whether the valve ia really 
ct any use at all, it would he rash, without further experimen ta 
conducted under varied conditions, to recommend atrongly or 
to condemn the chimney-valve. The Barracks' Com mi Baton era 
recommend it as a very simple and economical ventilator for 
non-commissioned uf&cers' rooms. 

A contrivance known aa Sherringham'a ventilator. Fig. 121, 

cunaista of an iron air-brick, or box, 

inserted close to the ceiling of the 
room, and communicating directly i 
with the outer air. To prevent 
the air from coming in by etray 




Fig. ISl. Shsrringlum'i Ve^ 



cnrrenta, there is placed tit the 
mouth of the opening, \ ' " 

i valve hinged at ita lower 
«de, and opening towarda the ceiling, so that the inflowing 

nernnt required to snpply the chimney dianglitw v\hq-m-\i.-W5 
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lesB diffused among (ht 
Thia ventilator may. 
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towardfl the ceiling, and 
general mass of air ia 

under certain conditions, act aa an outlet; but wbe 
room 18 cloaed; and there is a fire in the grate, it mQi 
aa an ialet for fresh air. As such — -that is, as an ir 
it is well placed and well arranged, and Ja aijapted to a 
that ia not likely to ba crowded. A ventilator Bimilar 
principle has heen introdaced into the upper panes of 
framcB. 

intilatora which eeem to ha' 
i by the esperimenC deecribed 
edition of thia work, and which we ni 
The late Professor Daniell, of Kin| 
I haiiit of showing this experiment in 
e has been copied from 
ingement 



There are thre 
Buggeated to the i 
page 165 of the firs 
repeat in this place 
College, ' 

lectures, and the following figni 
apparatus in the college i 

introduced into the former edition of ihis work for shom4 
the necesaity of avoiding bends and angles in veulitaiii_ 
tubes, since they increase the friction and deprive the heatflll 
column of some of its ascensional force by cooling ; also, wbnt i 
several vent-tubes are employed, they should all be of Iba * 
same vertical height, or the highest vent will prevent th» 
efficient action of the lower ones, so that there may actnall; 
he a smaller diseharge through two tubes than through one 
only. So also, when several openings are made above the 
level of the floor of a room, the highest may be the only on 
capable of acting as an abduetion-tnbe, the other lower open' . 
ings often serving as induction-tabes, discharging cold Jr ' 
into the room, and, in doing so, lowering the temperature of 
the hot vitiated, air, and preventing its escape; thug not 
only causing the bad air to be breathed over again, bat 
filling the room with unpleasant draoghta. But if the bigbnt 
abduction -tube be too small to carry off the requisite quantitljr 
of hot air, the tube ne\t below it in elevation at any pwt'l 
of the room will act as an abduction -tube. 

If the lower openinge for the admission of cool (resti itt J 
he too small in proportion to those for the escape of the htttM 
air, a current of cold air will descend through one part of tlM>l 
hot-air tube, and the hot ait wiU aactiud thtough anoUi 
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p«rt of the same tube, an effect which we have already seen 
(p. 201) takes place in the ventilation of & bee-hive. This 
^ect may aleo be shown by a very pleasing experiment. 
Place a lighted taper in a flat dish (Fig. 122), and cover it 
with a glass receiver, farniahed with a long gl&is chimney 
placed immediately over the flame. If the bottom of the 
receiver does not come into yery close contact with the dish, 
enongh air will enter to support combustion, and the draught 
or current of hot air will escape tip the chimney, and the 
taper will continue to burn for any length of time. If we 
now shift the receiver a hitle on one side, bo that the Qame 
may not be immediately under the chimney, the products of 
combustion will impinge upon the glass, and, cooling down 
end mingling Vfith the air of the receiver, will contaminate 
it so much, that the taper immediatoly begins to born 
dimly, and is soon extinguished. On bringing the chimney 
over the flame, it will speedily improve in appearance ; (he 
■moke and other products of combustion will he rapidly dis- 
charged, and the receiver will become bright and transparent 

before. But suppose we cut off all communication with 
£he external air from below by pouring a little water into t)ie 
diab, 80 as to coyer the mouth of the receiver, we shall O'^t; 
have the case of a room which is provided with a rent tube 

ir the ceiling, but has no provision for admitting freeh air 
from any lower openings ; in such case, the fresh air will seek 
to enter by the ventilating tube. If this be large enough, 
the outgoing hot air and the incoming cool air will divide 
the tube into two parts. But if, as in the experiment before 
xta, the ventilating tube or chimney be too narrow, the hot 
and cold currents will interfere with each other ; the tendency 
of the hot air to rise and of the cold air to descend will pre- 
vent the escape of the one and the entrance of the other, and 
the taper will soon be extinguished forwant of freah air. But 
if the chimney be divided into two portions by a flat strip of 
tin-plate passed down it, as in Fig. 122, and the taper be 
lighted and placed in it5 former position, it will continue to 
bnm for any length of time; for, by this arrangement, the 
two currents of hot and cold air are prevented from interfering 
vith each other; the hot air will pase up one clkau.^t.V «>^& 
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escape, and the cold air will deeceod the other chaoDcl to 
feed the flame. By holding a piece of smoking paper or Die 
glowing wick of el taper od one side 
of the chimaey, the amoke will be 
drawn down, thereby indicating the 
descending current of cool air; wlule, 
on the other aide, the emoke will be 
driven iip by the aacendiiig current of 
heated air. 

In the same manner tbeae cuuDt«r 
currents may be frequently noticed in 
churches and other crowded places, 
where due provision ia aeldum niuJs 
for the entrance of fresh air and tiie 
escape of the foul. It ia obuoI in 
summer to mitigate the effecta of tha 
hot vitiated atmosphere by throwing 
open the win<JoWB. A portion of the 
jTK. izi. flsMnamE ana fo„i gip i[ jg ij^^ escapea by theas 
DesCBndine Currents. , , , . 

■* channelfl, but a counter cnrreut mime, 

diately sets in through each of them, exposing the peraoaa 
near them to the dangerous effecia of draught, and ala 
cooling the foul air which is seeking to escape, and sendinj 
it down to be breathed over again. 

The three ventilators based on the principle of the fan 
going experiment profess to combine an outlet for tk 
foul air and an inlet for the freab in the same contrivanot 
They were examined by the Barracks' Commiaaiouen 
who atate, that under certain fixed conditions all thm 
ventilators effect both objects ; but if these condition 
be varied, any one of them may become wholly ooileta d 
wholly inieta. The conditions cBseutia] to their operation ari 
that the room to which they are applied be closed (as thi 
receiver is with a water lute in Fig. 122), and then, if i 
number of persona be crowded juto the room with the fira- 
place, iluora, and windows abut, and if a ventilating tube bl 
carried from the ceiling of the room above the roof of th< 
building, there will be an irregular eHbrt at an int«rohang4 
between the a£r of the room aud the oviVaide wr ; 
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counter -currents will be eBtaMished, and the room will be 
hidly yentilftied, if at all. If now the tube be divided longi- 
tadinally from top to bottom by means of a thin partition, the 
eurrente will be quite diBtinet, aa in the experiment, Fig. 122, 
K current of air will deeeend into the room eontinuooaly on 
one Bide of the partition, and the current of foul air will 
uceud from the room eontinuoualy on the other side of the 
ptrtition. One half of the tube eiippliea fresb air to the 
inletB of the room, and the other half removee the foul air, 
■0 that if the eize of the tube be properly adjusted the air of 
the room ia kept eweet. 

Watson's ventilator (Fig. 123) is the simplest arrangement, 
which consists of a square tube with a division in the centre, 
without any contrivance for diffusing the descending current. 
Mackiunell's ventilator (Fig. 124) consists of two tubes, one 
within the other, with a space between them. The inner 
tnbe is the lunger, and projects above the outer at its upper 
end; the inner tube also projects a little below the outer 
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I'entiUtor. Fig. 124. MflcklnneU's VerliUlot. 



fabe in the ceiling to give support to a flange projectiilg 
parallel to the ceiling and concealing tlie opening of the 
enter tube. It ia stated that the greater length of ihe inner 
tube determines the upward current which takes place in it, 
BO as to become the foul-air shaft ; the eflioiency of this tube, 
however, must depend, not upon its length but up n ila 
temperature, and that is kept down by the outer tube, ^^hiob 
sou as the fresh air inlet, and the descending cattQul t,itAJb.\&% 
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agftinst the flmige is thrown out in the plane of the ceiling, 
and BO diffustid. Without having had an opportunily of 
examining thia Contrivance, I aliould have thought the i 
Taogement would have been better if the hot vitiated air had 
been allowed to flow along the ceiling, and make its escapo 
by the opening in its own plane, instead of cooling the hot 
air by allowing a colder and denser atretum to pour in upon 
it. The opening fur the eecnpe of hot vitiated air should iM, 
at the highest point, as in the examples fumiahed by w 
lantern or street gaa-iamp. 

The third contrivance on this principle ia Muir'a ventilata' 
(Fig. 126). It conBiBtM of a square tube diviried into, four 
parts. A A, B B, by means of partitiow 
which are carried above the top of Uw 
tnhe, and the box is completed outside 
and above the roof by louvre boards, M 
in the figure. The object of the divi- 
sions and louvrea is to procure not onljr, 
the upward and downward currents of 
the ordinary kind, hut to take advantage 
of light winds, which by striking tbrongh 
the louvres at any angle will cause n 
stream of air to he projected down tola' 
the room, and Beaiat the upward cnrretit 
on the aide away from the wind. 

Tbe Barracks' Oom mission era state 
more than once the neceaaity for a closed 
room in order that theao three yenti- 
lators may work properly. As soon ss 
a door or window is opened they be- 
come npcast shafts, and ceiiae to eupfdy 
air. Also, if there be a fire-place ia 
the room with a atrong fire in it, and 
the doora and windows be closed, they 
become downcast shafts, and the firs | 
- will supply itself from them, 
"■""■ In certain cases they may be ap- 

plicable, aa in ainffle rooms standing apart, such as churchei, 
ahapeb, eebooh, libraries, &c,, vjarmeA trj stoves, ud wl 
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the doors are kept sliut for tonra at a time ; in staLles alao, 
of a certain coDBtraction, they may be UBefQl. These ventila- 
tora are recommended for ventilating the holds of Bloopa and 
}ioepital ships. 

In the second edition of this work, published in 1858, it 
is stated, p. 285, tliat cases may occur where the principle 
of introducing fresh air at the same level ot which the foul 

I air IB allowed to escape, may he adopted for want of a 
better. Mr. E. A. Cowper communicated to me hia plan, which 
eeeiDH one of the least objectionable on this principle. He 
places a perforated box along each aide of the room, with a 
pipe carried up somo feet on the outside. The room being 
supposed to be close in other respects, and wanned by tlie 
occupants, or by means of steam-pipes or otherwise, a current 
of air Beta in down one pipe into the room, while another 
current passes out of the room up the other pipe. The wind 
blowing on one side of (he building, or the sun shining on it, 
seta the current in motion, and when once it is started there 
is a column of external cold air in one pipe, and of warm air 
from the room in the other pipe. The action is then the 
same as if the cold air pipe were removed, and the air had 
direct access to the perforated trunk with which it was con- 
nected, while the hot air pipe acts as an aerial sewer for 
draining off the foul air. Thus, as long aa the room ia 
warmer than tlie external air, ventilation will continue, bnt 
it may be in either direction, according as it is first started. 
The pipes or chimneys may bolh be on the same aide of tha 
building, bo as to prevent the current from being accelerated 
by a bigh wind acting on one pipe, and as tha equilibrium is 
tiDBtable, the current is sure to commence. This apparatus 
wilt not, of course, be of any use unless the air in the room 
is warmer than tlie external air. Dr. Arnott alao mentions 
& CBBS in which he got rid of foul air and introduced freah 
air at the same level : this was in the dormitory of the Field 
Lane Bagged School, Six tubes, formed of plank of about a 
foot square, opened from the ceiling into two ventilating 
shaftfl by horizontal branchea. Three tubes connected with 
one branch were for the escape of the ascending hot fonl 
breath and exhalations, while the olhcT fctce -wCTfi lot "&«» 
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CURTAIN VALVES. 

mlmlMJon of frosh air, which it was supposed would "r 

gently, »nd sprpwl iiniong tbe aleepera." It w« 

thftt voiililatiim itid not begin immediately oa th 

(il the crowd, I'Ul by arrauging a gas-lamp bo as U 

ita burnt nir into the aacending abaft, the interchange 

ourmtita immediately commenced. 

Olio of the tihjocliong to ventilating openings is, that tl 
OOCMiuuHllif bring down cataracts of cold air instead of aT 
Ing tlie cacape of tbe foul air. Dr. Arnott remedies t 
by oovoriiig the ventilating opening with wire gauze, i 
■trelrhiiig over this a curtain of light cloth, called a a 
%ii'yt» so that the nir may paaa from within outwards 1 
|»i«luiig furwanl the light curtain ; but the air cannot f 
in the np[>OBiie direction, since the attempt to do m 
press the curtain sgainal tbe gauze and close the pasuj 
Sumo of the courts of law at Westminster were ventilated 
liOciiig out aomo of the side windows from the lantern ii 
roof and stri-lching a netting over tbe opening. On t 
outside, across the netting, were placed a number of strips 
siiiivM alKiiit 4 or 6 inches deep, fixed by the upper ed{ 
When the warni air of the court sougbt an exit it lifted tl 
Durlain valvtu and breathed out, but if a cold wind attempt 
to enter, it abut the valves down on the netdn^, and ll 
ext'ludi'd it. 



CHAPTER V. 

OK HOT WATBH AND STSAM AS A TBHTILATtHQ FORO^ 
OH TUB COUBIEJKD HBTHODB OP WAKHUJO AKD VI 

Bomb of tlie methods described in the last chapter for 
lating a building include also arrangements for warming 
Although it is customary to associate tbe two processes, 
are really distinct, each requiring special proviaious. It 
been seen that the Houses of Parliament have Ireqni 
been made the subject of experiments in the art of 
and veutilatioD, That the experiments have not all 
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eocoeedej has been already shown, and the reaecn, prohalily, 
ie to be found in their novelty. The members of either 
Bouse whose proviuce it haa been to order the erection of the 
VHiions deacriptiona of apparalue, cannot fairly be charged 
with the failure, eince il is reasonable to anppose that if a 
tried and approved method had existed, it would have been 
ordered; and the reports published on the subject do not 
dicloae any method which may be pronounced perfect. 

The centrifugal wheel of Dr. Desaguliers continued to he 
used for ventilating the House of Comuione until the year 
1820, when the Marquis of Chabannes was allowed to under- 
take the warming and ventilation of the House. He proposed 
to erect a small furnace over the ceiling, the combustion of 
vhii'fa was to be supported entirely by the vitiated air of the 
Uouae ; but this plan being objected to, he caused a large 
isaae or trunk to be constructed over the body of the House, 
below the roof, into which ventilating tubes were conducted 
from different parts of the House ; four of these tubes opened 
from under the galleries, to prevent the stagnation of the 
impure air in those parts, and six openings in the ceiling led 
into the main trunks, and were each continued in separate 
trunks to the top, so that the draught from every part was 
equal. Bixteen steam cylinders were placed within the main 
trank, and the heat thereby produced was intended to rarefy 
the air in the ventilating tubes so powerfully, as to cause 
its quick ascent and escape through a large cowl of i feet 
diameter outside the building. 

The House was warmed by means of twelve steam cylinders 
ranged ander the seats of the House, and the external air was 
brought to these cylinders by a large air trank, from which 
there was a separate branch to each cylinder. 

In these arrangements, there was no deficiency either of 
beating or of ventilating power. On the contrary, the beat- 
ing surface seems to have been in excess, and was not under 
perfect command. At any rate, the atmosphere of the Hoase 
was declared to be uncomfortable, and, after a few years, 
another system was tried. 

The use of hot water as a means of ventilation was intro- 
duced hy Mr. Deacon, in 1813. 'IHe air waa ita^vi^^ ^twa. «:>. 
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Tindergronnd tunnel or cellar by meana of a fan, wtieh foree4 
it into the rooms through small iron or earthenware tubct 
pinced in boiling n-aler. The vitiated air waa conducted h 
& tube OF chnoiiel at the ceiling, and conveyed above tbp 
roof, where it was practicable to do bo, Iron platea were iln 
eometimes used instead of pipes, Tbey were placed parall4 
to each other, with a space of about l-^ inch between than. 
These platea were surtouoded by boiling water, and the ajr 
rose in the apace between them. When cold was deeirablt 
the pipes or plates were immersed in cold or artificially cooIe4 
water, and the air thus cooled waa thrown into the room by 
the fanner. If the room wna of large size, the fan had to bi 
tamed by a man ; this is, of course, objectionable, becatus 
human machines are not always to be depended on, and they 
are, for such pm-poaea as turning a wheel, espeneive. Smaller, 
fans were kept in motion by the elasticity of a spring, or tl 
fall of a weight, Mr. Deacon's apparatus was filed in eoiM 
public buildings, hut does not seem to have made any peiw 
manent impression on the public mind. 

Among the plana snbmitted to the Committee of the HonaC 
of Commons, in 1S35, for warming the Houses ot Parlifr* 
ment, that of Mr. Sylvester appaara to have great merit. 
wna not a mere theoretical plan, for it had been tried, allbongh 
on a smaller acale than that now proposed, in tho lunatid 
asylum for Kent. The general principle ot this plan ia to ii 
trnduce the fresh air slowly, and in any required quantity, I 
means of an underground channel, a h (Fig. 126), about y fti 
square and ICO yards in length, which forma a comtnniuM 
tion with the atmosphere and the basement floor of t~ 
building; the outer extremity of the channel being furntBhej 
with a cowl, arranged so as always to have its mouth to tl 
wind. The fresh air flowing along this long tunnel wonli 
receive in winter an accession of about 15° of heat, % 
summer it would be cooled to a similar ejttent. It wooli 
then pass into a cockle airailar to that of the Helper stOVI 
(Fig. 5(>, p. 150), where it would be heated to within' fp o 
the temperature required in the House. From this c(ickl«i 
it nould spread into the space, d d, under the floor, i 

i tiroiigh a large Tium\iei o^ swiiW toVea dtiltad i 
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would then 



it, into the body of the Houae. The vitiated air 
be carried off through a number of openings, 
eeiliog, arranged so as to be opened or closed st pleasure, 
by meana of a contrivance communicating through x to (he 
haBement. The vitiated air, after passing through these 
openfngfl, would flow into the cavity, n. below the roof, and 
thence be discharged into the open air by the turn-cap, o. 




Fig. 126. Sjlvealer'a Melliod. 

formed so as to have its mouth always turned from the 
■wind. To ensure the required velocity and direction of the 
ventilating current, a aeriee of pipes, n, filled with steam or 
hot water, were to be placed in the cavity of the roof. When 
it WBB required to raise the temperature of the House higher 
than naual, the amount of ventilation was to be diminished 
by closing the apertures in the ceiling, and allowing the 
vitiated air to escape through channela, xx, in the walls. 
The velocity at which it was proposed to set the air in motion 
throagh the channel, for supplying the fresh and discharging 
the vitiated air, was 4 feet per second ; but it was to flow 
into the Hoaae at the rate of only half a foot per 
thereby producing a current which would scarcely move 
the flame of a candle. The area of the apertures distribnted 
tiiroBghont the floor would he about 665 feet ; a&d vtMl,w^\&< 
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the House, the staircases, and corridors, &c., it was calculatei 
that there would be 200,000 cubic feet of air changed s 
times per honr. When Bsked whether he proposed to mal 
any arrangementa for securing the purity or cleanliDea o 
the fresh air to be introduced, Mr. Sylvester replied, that! 
would be extremely desirable to have a communication witi 
some large inclosure for the fireah air, such as a large butldin] 
libe Westminster Hall, between the House of Commoas a 
the outer air, that the air might be admitted into this larg 
incloBure, and allowed to settle and deposit its bl&cbs a 
smuts, just as water, before being used, is allowed It 
its mud and sand iu a large ciatem. 

Moat of the plans for wnrming and ventilating baitdinga 
which ha^-e been described in these pages, are on a lai 
and comprehensive scale, adapted to public bnildinge, ( 
requiring not only a considerable expenditure of money, 1 
also of space, for their erection and effective action. By dli- 
tributing the heated air over the whole of the under surfaa 
of a perforated floor, it is thereby distribnled throughout tl 
space required to be warmed ; and by providing some po«ei 
fbl ventilating force in connection with the top of the buildbg 
also perforated, the warm or cool current can be made to p 
through the building with any required velocity. Bat it i 
obvious that such extensive arrangements are not adapted b 
a small building or a private house. In such cases, dilfore 
arrangementa must be made, and these are not always sua 
cesaful. If, fur example, the air be heated by stovea, > 
instead of being sent into the room through a perforatoi 
floor, it is admitted in amall currents at an elevated tempers 
tore, it aacends rapidly to the ceihng, and expends tl 
greater portion of its heat on thnt siirtace, wbile the lowi 
part of the room remains cold, because airs of very difperett 
temperatures do not readily mingle together.* On ihf 
account Mr. Perkins re .>iiiiiK'iid« iliut the tubes used i 
ventilation be placed at <ir near the floor, by which meu 
the warm air is forced to descend and mingle more intini«tel] 
with the colder air in the room ; and the warm air banoj 

' A method of mliing cold air vriih nit artificially bealea, is 
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thus parted with its heat, is itself drawn off. When hot 
water or eteam pipes are used, the air can only be moderately 
warmed ; and as the BBcensioQal force in such case is not 
great, the veotilating openings can he placed at any des ired 

This plan of placing the Tentilating openings near the floor 
is liable to many objections. It gets rid entirely of the spon- 
taneous method of Tentilation, so that should the ventilating 
force not be wanted, as in summer, or be neglected or 8ii£f>'red 
to decline, there is no ventilation at all. This has been 
proved in several arrangements for ventilating barracks, 
hospitals, theatres, &c., in France and elsewhere, as already 
noticed. Piace the ventilating openings at a low elevation 
and the occupants of the space to be ventilated are at the, 
mercy of a man who may neglect to throw a ahovel-full of 
coals on the fire, or, indeed, may neglect to light the fire at 
all. A coil of pipe, it is true, takes a good while to cool, 
and possesses many advantages provided the force be kept 
up; but the argument ought not to he admitted on the score 
of economy, that as the ventilating power can only be ob- 
tained at the expense of the heating power, much of the 
Leat used to warm the room must be lost if the ventilating 
openings be placed in the ceiling ; and that if the tempera- 
tare be moderate, the products of combustion and respiration 
may be cooled, and tlius deprived of their ascensional force 
fcefore they have time to escape by the ventilator. Such 
arguments as these may lead to dangerous practice. 

In the warming of a building by Mr. Perkins's system of 
1-incb tubes, the ventilating force is a coii of such pipes, and 
he proposes to place the ventilating openings either singly 
near the floor, or in conjunction with a second opening at 
the ceiling, " In the veniilalion and wamiing of a private 
dwelling, I would begin, first," says Mr, Richardson, " with 
the Btaircase. This we ongiit to consider the principal artery ' 
of the house ; and if tliis were well warmed by a current of 
warm freah air flowing into it, and a constant change effected 
by a ventilating outlet, warmed, so as to ensure ita effective 
operation, great part of the business would be effected, . 
th» fltaircDBe would supply all loome noV \tt wwi ■^x'Cft -«« 
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current from being fell. This plan of ventilation by dcscmt' ' 
has been pat into operation at the Model Prieon, at PeotoD* 
ville, where the solitary system of discipline is enforced, tlina 
giving riee to the necessity of having a separate cell for each I 
prisoner. In each cell the windows are fiztarea, and thl 
doors are effectually closed, so that the only mode of intn 
docing the requisite snpply of fresh, and of abstracting tk 
vitiated air, must be by artificial means. The objec 
applying ordinary modes of ventilation, by opening windoi 
or by similar means, ia the facility such openings give lo tl 
transmission of sound. 

The method by which this descending ventilating cnrra 
is produced is compared by Major Jebb* to the ventilatii 
of a coal-pit, in which, as already explained, the freslt t 
entering the down-cast shaft, pasaes through the nnraeroi 
galleries and workings of the mine, and escapes by the U] 
cast shaft, the ventilating force consisting of a large fire i 
the up-cast shaft. In applying such a system to the ven' 
lation of a prison, the objects proposed to be attained werS' 
let. The regular supply of a sufBuient quantity of fteab a 
and, when necessary, of wanned air, into each cell, wilhoi 
Buhjecting the occupant to any inconvenience from 1" 
draught. 2nd, The withdrawal of a like quantiiy of vitiala 
air. 3rd, That no additional facilities of communioatio 
between prisoners in adjoining cells should be afforded t 
(he means made use of, and, therefore, that the tranamiBaig 
of sound be carefully guarded against. The reader wh 
wishes to inspect all the details of the arrangements by whi< 
these objects are carried out, is referred to Major JebU 
paper, and the copious series of engravings by which it 
illustrated ; hut a general idea of this method may be Qiin>« 
veyed liy the followiug remarks, to any one who haa atndlMll 
the various methods of warming and ventilating] as describe* 
in this little volume. 

Id the basement etory is a case or boiler, with a propoitioil'I 

* "On inodeni Piimtis: their Coiutructi on and Ventlliilioii.* By J. J«V 
UiJoT Koyal Ea){Iaeers, Survayor-CeaerBl of I'riBona. Wiib ten iilaHa,4l 
FnoliahedfeparaleWtroni " Fapen on subJDceconniKled wlCli Um dr''" ' 
tie Cmpt ul Roi-al'Eaglaeea.' Yol.'VlU UniAQa.UiU. 
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6f pipes adapteil (o the eircalntion of hot water, and in con- 
netition therewith is a large uuld air Sue open to the outer 
iiir, for Hupplying air to be warmed in paasiiig over the b(nler 
md pipes. This air then passee right and left ali>ng a hori- 
Eontal flue, under the floor of the corridor of the prison ; and 
from this flue a commutiioation is estahlished by etnall lateral 
flues with each cell, both on the lower and two nppor floors, 
each small flue terminalitig in a grating under the arohed 
ceiling of each cell. " The object of making the point of 
entry at the top of the cell instead of at the bottom, and dif- 
faeing it through a grating on an extended surface, is, that 
nnpleaaant draught may he experienced by the oecnpier 
of the cell— which, iu a confined situation, would be the case, 
were it brought in at the level of the fliior — and that he may 
not have any inducement to frualrate the intention of venti- 
lation, by stopping it up." A correaponding quantity of foul 
air is extracted by means of a grating placed close to the 
floor of each cell, diagonally opposite the opening by which 
the freeh air is introduced. This grating covers a flue which 
passes up the outer wall, and cammnnieates with a main 
foul air flue placed in the roof, and terminating in a venti- 
lating ahaft rising above the top of the building. By this 
arrangement the total lengths of each pair of flues reapectively 
used for inlroducing frebh air into the cells, and extracting 

1 air from them, are rendered nearly equal on all the 
eiories. This promotes uniformity of action; and the ad- 
vantage due to the ascending system, and to difference both 
of temperature and altitude, is also secured. " Another 
provision of some importance should be adverted to. Fresh 
oir should be taken into the main fluea, communicating with 
all the cells in the respective wings or divisions, from the side 
which happens to be exposed to the wind. The force or 
pressure produced by a very moderate breeze, combined with 
the other arrangements and circumstances which are favour- 
able for ventilation, will generally cause a sufficient current 
to pass through the cells without any fire being lighted in 

9 extracting shaft for ensuring it. The operation of the 
eystem will, by these means, at all times be improved, and a 
euaaderable saving of fuej will be effected." 'S\i% M.tQft ^"m* 



ore used for ventilating the celle both in wlcter ancl i 
summer; the only difference between the BrraDgementi o! 
the two eeaBODB being, that daring the enmmer, when air u 
introduced into the cella at ite nafural temperatnre, a fire !■ 
lighted when necessary in the ventilating shaft ; during 
winter, when the temperntare of the air muat be raised, ■ 
fire ia lighted in the heating apparatus below, the amoke and 
dispoeable heat from which, being discharged into the a~ 
^awer the same purpose. 

It baB been ehown by experiment, in the PentonvSI*' 
Prison, Ist, That from 30 to 46 cubic feet of pure fresh ai 
IB made to pass into every cell in a minute, and that thn 
abundant ventilation goes on with great regularity. 2n4 
That this current of ventilation, and a temperature of haa 
62° to 60°, can be nniformly maintained in the cells dnring 
•the coldest weather, at an expense of lege than one farthiog 
per cell for twenty-four hours ; and the summer ventilation, 
by means of a fire lighted in the extracting shaft, has b 
kept up at lesa than half the expense. 

We come now to notice nn application of steam to ths 
purposes of ventilation, which is, in all respects, peculian 
It wag remarked, many years ago, by Dr. Thomas Youngj 
that whenever any elastic finid is forced from a 
with a very Bniall velocity, the stream proceeded for raanj 
inches without any observable dilatation, and then diverged 
at a considerable angle into a cone, and nt the point a 
divergency there was an audible and even a visible vibration 
When the pressure is increased, the apes of the cont 
proachea nearer to the orifice of the tube, but no degree id 
pressure seems materially to alter Its ultimate divergency. 
The distance of the apex ftom the orifice is not proportioital 
to the diameter of the current; it appears rather to be the 
greater the smaller the current, and is much better rtefiiwd 
in a small current than in a large one. Popular iliuatrationa 
of this curious fact may be seen every day, A puff of smoke 
from a factory chimney, on being first shot out, may often he 
Been to asiume the form of a ring, the diameter of which does 
not greatly exceed that of the chimney, but as it aacends in 
4 Btill atmosphere, it gradnftl\y iBwenaftfc S% k«». In the 
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firing of ordnance ou a calm day, these rings may he seea 
on a graud scale, and still taore perfectly if the mouth of tha 
canaoD be greaeed, and no shot used. The aame phenoraena 
may also be observed, on a small scale, in the smoke of 
(obacco projected from the mouth of a skilful smoker. The 
tataXiag clouds of smoke from the chimney of a steani-boat 
have also a tendency to form these conical rings, but from its 
abundance, and the motion of tbe vessel, the form is not very 
defined. Bat the rings of smoke produced by the combustion 
of bubbles of phosphuretted hydrogen, show the striictnTQ 
and moiion of these rings very admirably. These hollow 
rings are seen to revolve on tbe axis of tbe cylinder from 
which they are projected, and gradually expand on rising' 
inlo the air : each of these enlarging rings may be viewed 
m a niagniSed element of the cone issuing from the jet in 
Dr. Young's experiment. 

It was further observed by Dr. Toung that the stream of 
air projected from an orifice drew into its. current light 
bodies near it, wMcb were free to move. This lateral com- 
munication of motion in a fluid stream was nodccd in ^vater 
by Venturi, This attractive force eeema to arise " from 
the relative sitnation of the particles of the fluid in the line 
of the current with respect to that of the particles in the 
contignouB strata, which, whatever may be the supposed 
order of the single particles with respect to each other, must 
naturally lead to a communication of motion nearly in a 
parallel direction, and this may properly be termed friction. 
The lateral pressure which urges the flame of a caudlo 
towards the stream of air from a blow-pipe, is probably 
exactly similar to that pressure which causes tlio inflection of 
a current of oir near an obstacle. Mark the dimple which a 
slender stream of air makes on the surface of water ; bring a 
convex body into contact with the side of the stream, and the 
place of the dimple wiU immediately show that the current 
is inflected towards the body ; and if the body be at liberty 
to move in every direction, it will be urged towards the 
current in the same manner as, in Venturi'a experiment, a 
fluid waa foreud up a Cube inserted into the side of a pii>e 
tlroD^ B'JjJei n'fller was flowing. A. Bl\m\u 'mSATyaw.'witi.'it 
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an obatfti?te in the conrse of the wind U probabi; often tl 
cause of amoky chimneys." 

If, iQBtead of the jet of air used in these espteriments, H 
employ a jet of eteam, produced under a pressure of d2 lbs, | 
the eqnare inch, the attTactive power ia very considerald 
The Bteam, as it escapes from the boiler, forms a con 
Dr. Yonng'3 experiments, and the quantity of air set i 
motion ia equal to 217 times the bulk of the cone of Bteanb 
The force with which the patticlea of air surrounding f- 
cone are drawn towards it wna illustrated by Dr. Faraj 
in a lecture at the Royal lostitntion, in Tarious striking ef 
perimenis. UuUun balls of 1 and 2 inches diameter w 
drawn into the cone, and sustained fioatJog in the line of U 
axis even when, by an arrangement of the apparatus 
axis naa thrown 35^ oat of the perpendicular. An uprigl^ 
glass tube, 18 inches long and 1 inch diameter, having o 
extremity plunged in water and the other drawn into i 
capillary jet, was immediately exhausted of its conttuned a! 
the water being drawn up from the end of the tnbe, ^ 
the capillary jet was placed within the indraught of I 
occasioned by the cone of steam. By surrounding this a 
of Bteam with a cylindrical jacket, the effects were still mo 
remarkable in increasing the draught power of the jet. Tl 
air within the jacket ia expelled, and a partial vacuum j 
duced, whereby the ^r rushes in to supply the vacant api 
sweeping before it, in its current, any light bodies, euoh 
paper shavings, hollow balls, i&c, and projecting them with a 
siderable force from the top of the jacket.* In the arrang 
meat proposed by Mr. Barry for ventilating the Honae-. 

* It was shown, manT ye»n ago, by CTemeni Desonnea, that when tl 
under high presaare, a allowed to ewipe from an oriHce pierced in ■ | 
or the H^ eide of a twilet, and a B*t disc ia brought sloee to this pUtt, 
disc is pow«rtuU; attracted to the pUle. la this ca^e. the olastlc force ol 
Btcnm iBiaing from the ]et, and which Ifads to sepnrate the plsta and d 
diminishes rapidlj in ita coarse from the centre to the ed^ of the dlu; 
.1 g time, the radial ourrenta, by their indraught, bring the two pti 
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[ about 2 
n at the centre. hdiI fix it on th 
>a t^iu^l-, tltwa %W« Uue other lard a 



Dd perforBU one of them at the centre. uii1 fix it on the (op 
uitbebarrel ' " -•--'--■■--—- " -' 
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Xords, this jacket formed the ventilating' ghaft, and its value 
will be Been from the following sketch of the general arrange- 
ments proposed for warming and ventilating the House, aa 
gathered from a lecture by Dr. Faraday at the Hoyal Inetitu- 
tion, on the 26tb March, 18i7. 

Mr. Barry's plan has been applied to the royal ante- 
chamber, the Uouae of Peers, and the public lobby. It 
conHtBts, 6rBt, in causing a current of lur of regulated tempe- 
XBtnre to pass beneatli the impervious floor of these apart- 
meats, and afterwards to rise to a chamber at the top of the 
boilding, from whence it is diffueed in great abundance, but 
imperceptibly, throughout the three apartments ; and secondly, 
in drawing off the vitiated air, and discharging it with great 
rapidity into the atmosphere. To aeooroplish these objects, 
methods have been contrived for — Isc, Warming the building 
through an impervious 6aor, an in the case of a Bomaa bath. 
2n6, Effecting a system of currents. 3rd, Providiug meaoa 
tot canaing 10,000 cubic feet of air per minute to proceed on 
a preacrihed course and regulated velocity. 1st, As to the 
moile of warming : a- steam cockle, supplied from one of 
Lord Dundonnld's boilers, is traversed by a quantity of air 
tnbea firmly fastened into it. The air which passes throngh 
tubes is the source of warmth. This apparatus, with 
its furnace, is placed beneath the public lobby, and tho 
current of warm air passes beneath its impervioue floor, then 
beneath that of the House of Peers, and, lastly, beneath the 
floor of the royal antechamber beyond. With warmth, the 
air acquires a certain degree of motive power in the rising 
parts of the passages, which carries it onward till it reaches 
summit of the building ; from 
made to pass down into the apartments by their 
walls, and so distributed, without draught, to be breathed by 
the inmates of these rooms. This gradual diffusion of the 

bmd, and place it over tbe first, with tbe coavexil; npiratdi, bo thai tha 
- iflce at tha tube ma; bs diroctly under and almoBt in oontaccwith tbs 

ipei card ; hold Che two cards hnrizcinull;, and bluw through the tubt, it 

ifl be toond Impossible to blow off the upper card. 

Tbe attractive force of the blanC ut air may also be ghawn b; placing tha 

Sper card upon the table with Ma coacave eudace upwards: then bring t)iB 
lor card immediately ovar It, and blow through the lube ; the card will >( 
np from the ObU and adlien to Che other, bo lung u tbe blast is st' '~ ' 
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air is accomplished by, 2nd, A system of currents, which 
caused by subjecting the air to iDequalities of temperttai 
Descending by the v/aiU of tha building, it is cooled by 
windows, &c., and thus ita velocity downwards is inoreii 
Arriving at the level at which it is at once heated i 
deteriorated by respiration, combustion, &c., the air ag 
rises in the centre of the room, and paeaea through 
ceiliug into a foul air chamber, which is in connection 1 
a chimney. Through this chimney the air ia driven by 
eteam jet, which, as already stated, will set in mution 21' 
times ita own bulk of air. It waa shown by I3r, Faraday, " 
thia lecture, how the steam cockle employed to give warmi 
in winter, might, by filling it with water from the Arteaii 
well, become a aource of coolness in summer. The advanl 
of Mr. Barry's method of ventilation are thna summed 
Ist, The prevention of local draiighta. 2nd, The preventic 
of the stains and disfigurements resulting from such draught 
3rd, The avoidance of all movement and dispersion of tl 
dirt and dust of the House by currents occasioned in it, whic 
currents, if existing, would tend to render the air impnt 
4th, The avoidance of all sudden changes of temperaliin 
Finally, it was noticed that all parts oi the House i 
proof, and that this scheme of ventilation was under a dii 
advantage, as it had to be adopted to buildings which wi 
not planned with reference to it. 

Objections have been made to the vacuum principle 
ventilation, on the ground that the air within tha room 
building thus ventilated is rarer than that without, and thi 
air, even slightly rarefied, occasions languor and u 
to persona who are not in robust health, whereas the oppoeil 
condition, or condensed air, bag a bracing effect both on il 
body and on the mind. Schemes have been proposed i 
different times for making air-tight rooms, in which air wi 
to be pumped in or out, according to any degree of presBiu 
adapted to the wants and feelings of the occupaots. Tbi 
l)r. Heushaw, in 1664:, acting upon one of Mr. Boyle'a Bpect 
latiuns, proposed such a room " by which any person, nu 
receive the benefit uf a removal to another climate, at ao; 
SOU of the year, wilhoat iouw)N(iii:tiDi.\ift I'S'^^isroift,' 
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neglecting any employ in en t whatever." This air-tight room 
lied two or three houra in the morning ia 
ekronical cases; but in -acute disesBes the patient might 
temain in it during the whole coiirae of the disease, as in 
■inwrmittent fevers, in which case the air was to be rarefied 
in the oc.M tit, and condensed in the hot fit. We are not 
«ware wiielher these fanciful apeciiiationa were ever put in 
firactica, but the idea was revived eome years ago by 
3Cr. Vallance, who proposed to construct air-tight rooms, 
'(rith an aperture in the ceiliag for pumping in the air, and 
H peculiarly conBtructcd door for admitting the occupsnta in 
«d out. Tlie doorway was G feet high and G feet wide, and 

a fitted with a cylinder of wood, closed at hoth endfl, and 
J^aced upright. In the side wag an opening 4: feet wide, and 
D the opposite side a similar opening. In the centre of thia 
,eyliiider was a perpendicular revolving shaft, with four leaves 
firosaiDg at right angles, fitting tbe cylinder aa closely aa its 
Jevolving motion permitted, and yet preventing the escape oi 
't at the edges. When n person entered the room, ha 
jdued himself between two leaves, like a turoBtile, and ia 
ibU way interfered as little as possible with tho enclosed air. 
4i. pipe was fixed to the aperture in the ceiling and carried 
thiough the roof, whore it was inserted a few inches into a 
cistern of water. Air was injected into the room by means 
rf machinery. When ths weatiier was warm, the injected 
•ir was cooled ty being passed through pipes surrounded by 
eold water; and if heated air were required, the pipes were 
surrounded by hot water. As the fresh air was pumped in, 
■ much vitiated air was forced out at the pipe in the ceiling, 
and it escaped through the water in tbe cistern, which thus 
iBjfeniotisIy regulntetl the presaure of thu air in the apart- 
ment. When a room is thus filled with condensed air, its 
expansive force is exerted so tliat every crevice about it 
innel to let air out instead of into it, and thus 
draughts are effectually prevented.* 

From some experiments on thia subject hy Dr. Junot, it is 
Etated that " when a person ia placed in condensed air, ha 
breathes with increased facility; he feels ns if the capacity ot 

# Talliuio^ " Ob«iTstioaB on Venlilujon," aa qiiiAe&^i^ ^t.%^x\>m. 
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hifi lutiga were enlarged ; liis reHpiratiima become deeper a! 
IcBB frequent ; he eKperieuces in the oonrBe of a short ^mo 
ai;reeai)lH plow in hia cheat, aa if the piiltijonary cells w 
becnming dilated wiih an elaetic spirit, while the whole fra 
Teci^ivea at each iuapiration a. freeh vital iuipiilse, Thffiin 
tinns of the hrain get excited, the imagination becomeaTiT 
and the ideae flow with a delightful facility; digestioa beoufi 
more active, as after gootle exercise in the air, becansel 
■ecretiug organs partiuipnte immediately in the increM 
energy of the arterial Bystem, aud there is, therefore, 
thirst." 

Dr. Ure, in advocating the plenum method of venti 
tion,* gives an example of the effects of condensed air up 
Borne workmen engaged in ainking a shaft to a great ief 
throngh the hcd of the river Loire, near Languin. In tl 
district the eeamB of coal lie imder a atratum of quickiat 
from 20 to 22 yarda thick, and they had been fonnd inacci 
Bible by all the modea of raining previously Rtteuptf 
M. Triger, an able engineer, constrocted a shaft 
with strong tubing, formed of a aeries of large sheet- 
cylinders riveted together. At the top of this cylinder 
an air-tight antechamber, into which air waa condensed b( 
forcing-pumpH with auSicient force to repel the water fro 
the boltum of the cylinder, and thiia enable the workmen I 
excavate the gravel and atonea to a great depth. The con 
partment at the top bad a man-hole in its cover, and aniitbi 
in its floor. After the men had entered they ahut the dm 
over their heads, aud then turned the Btop-cock of a pipe 1 
connection with the condensed air in the uuder-shaft. A 
equilibritim of pressure waa aoon establiahcd in the mU 
chamber by the inflnx of the dense air from below, whereb 
the man-hole in the floor could lie readily opened to allow tli 
men to descend. Here they worked in air maintained ftt 
preasnre of three atniospherea (or 45 Iba. on the square iucb 
by the inceeaant acliun of leathern valved piimjia, driven by 
Bteaiu -engine. While the dense air thua expelled the wateri 
of the qnicksand out of the shari. it iufused aiich energy lat* 
the miners, that they could eoaily excavate double the 
' Bapplemast to the " Dictlonu; at JuU,UAiiMiMMatc,sQd.HinM.* 
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-which they cotild Ho m the open air. Upon many of them 
the efl'ects were painful, especially upon the ears and eyes, 
bat before long they became quite reconciled to the bracing 
»tmoaphere. Old aHthmatic men became effective workmen ; 
deaf persona recovered their hearing ; while otherB were 
■enaible to the slightest whisper.* Mnch annoyance was at 
£r§t experienced from the rapid combustion of the candles, 
bnt tbiH wafl obviated by the Bubstitntion of flax for cotton in 
fte wicks. The above arrangement is now common in 
engineering:, as, for example, instead of the old method of 
Coffer-dama for the piei'a of bridges. 

In ventilating a building on the plenum method. Dr. Ure 
tecommenda that the air be thrown in by means of a fan 
titnated in the basement story .f and instances the method 
adopted at the Reform Club Hooae (already noticed, p. 244), 
where there is a large fan revolving rapidly in a cylindrical 
*aae, capable of throwing 11,000 cubic feet of air per minuta 
into a apacions Bubterrancan tunnel nnder the basement 
ttory. This (an is driven by a steam-engine of five-horsa 
power. The steam of condensation of the engine supplies 
three cast-iron chests with the requisite heat for warming 
ihe whole of the building. Each of these chestB la a cube of 
3 feet externally, and is distributed internally into seven 
parallel cast-iron cases, each about 3 inches wide, which ars 
separated by parallel alternate spaces of the same width, for 
the passage of the air transversely as it ia impelled by tho 

• Many ytare bro, Mr. Hdcbuok and another person allowea theroaelvea to 
be ahQL up in ii Oflvity estuvoteil in a rock, which aervrii ns s teseryoir of air 
for eqiiaU»ing tde blast of the bellows in an iron toundrv on tha banks of Iha 
rfMT Devon, neat Alloa, in Scotland. As much sa B,300 oubic feet of air 
me iDJeoWd pet minute, under a prEranrB of S incbaa of mercury. It WM 
foand thai sound was greatly magnifitii, "as we perceived when we talked 
to each other, or gtrui^k anything : particularly the aai<te of the air efCHpliig 
IK (he binn'-pipe, or waats valve, was very loud, and seemed to return buck to 
OS,* Tbera waa, however, no wind to disturb the flame of a caniUe, neirlier 
IKU it blown ont when it was placed in the educlJon pipe of 16 inchu 
mameter, through which the air passed into the furnace, 

t As powerful blnsla of air are not required for the purposes of ventClslton, 

B rapid movement of the fun is not necefaary. Fans making 2,IXH) revoln- 
ona per minute srs exceedinglv dieagreeabia from the noiae and vlbmlloa 
4Mcasioned by Ihera. Quantity 'of air, not velocity, Is the object, and for 
^thia DQipoa^ tans of 10 or IS feet diameter, moving elowlf , ate to he 1^ 
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fan. Dr. Ure deacribea thia arrangement as jiiilicioni 
ecoDomJHing fuel, because the steam of condensation which i 
a Watta'fl engine wouM be abeorbed and carried off by lb 
air-pump, is here turned to good account, in warming i 
air of ventilation during the winter months, " Two hundred 
weight of fuel suifioe for working this steam-engine durint 
twelve hours. It pumps water fur household purpose 
laises the cools to the several apartments on the upper ~ 
and drives the fan ventilator. The air, in Sowing rnpiiil 
througb the eeriea of cells placed alternately between t' 
Bteam-cases, cannot be seorcbed as it is generally with ail 
Btovea, but it is heated only to the genial tcuperatnre i 
from 7o° to 85^ Fahr., and it thence enters « co 
chamber of brickwork in the basement story, trum which Jti 
let off into a eeriea of distinct flues, governed by dialed valrC 
or registera, whereby it ia conducted in regulated qnalttitic 
to the several apartments of the building," In the top s' 
of the building ia a large furnace, the draught of which ■ 
intended (o draw off the air after it has served the purp 
of warming and venlilation in the rooms below, lie 
Baaton and Amoa are the contrivers of this syatein. 

The arraugoments in Sir John Robinson's honse at KdiO 
burgh have often been referred to as a sanitary model, I 
system of ventilation being soperfect that "while the mass of, 
in the rooms and passages ta conalantly undergoing renewal b 
the escape of the vitiated air above and the admission of larg 
supplies of fresh air from below, no currenta are perceived 
the apartments, which even when crowded with company bi 
amply lighted preaerve a remarkable freshness of atmosphere.' 
The sectional area of the cold air paaaages is about H sqUM 
feet, and they are left open in the coldest weather, providei 
there is not much wind. The air passages are formed ( 
cylindrical fliies of earthenware, 9 inches in diameter, ball 
into the gables, close to the smoke-flues. The lower ends C 
the ventilating flues open into epacee between the ceilings g 
the respective rooms and the floora above; and one ur 
exit air-flues is provided for each room. The hot, vitiai* 
■ir pnsaes up through the ceilings by a continuous openin) 
of ahont 1^ inch ia widl\k, \i&V\u\ oiib tA t.k& tiUeta of iJ 
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cornice, all round the roome, and, LaviDg posBe< 
Bpaue between the ceiling and the floor above, it ascende 1^ 
the fliiea in the wall, and ia discharged into the vacant apH 
between the attic ciiilit)gB and the roof, and thence Cbrnog' 
the alatea to the open air. Thia last part seems to ht 
defeci in an otherwiae excellent arrangement. If the joi 
of the slated roof do not afford a eufBcient exit for the 1; 
vitiated air, there will be a resistance, and consequent cooItOi 
or cnndensaCinn by the cold sarfaces of the slates, exposed ■ 
they are to the direct action of tlie outer air. A turret Od 
louvre soema to he wanting on the roof. The passage f 
the Iiot air through the cornice is not visible from the &o 
of any of the rooms. The air flues terminate above t 
ceiliuga of the attica, and below the roof, to prevent e 
being carried down them by reverse currents. The ai 
of fresh air to the house ia from a garden behind ; 
conveyed by a passage, c. Fig, 127, which has a eectioni 
area of 8 square feet. There ia also a similar paBsage ig 
front of the house. The air tlma admitted is warmed by 
cockle to from 64" to 70". In very cold weather, 70° i 
preferred, to allow for the cooling effect of the valla ta 
windows, and thus to maintain a constant temperature of 61 
throughout the house. The air thus warmed is diachar_ 
into the well, w c, of the staircase, from which the rooms dm 
the supply required for maintaining the upward carrenls i 
the chimneys and in the ventilating fluea. The air from ti 
well gets into the apartments by means of masked pasui^ 
4 or 5 inches wide and 4 feet long, over the doors, and I 
openings about 1 inch in width nnder each door. Tl 
sectiunul areas of these passages are more than equal to tl 
areas of the uliimney and ventilating dues, so that as the ai 
within is not much rarefied, there is hut litde tendency 1 
the outer air to enter at window chinks and other aperture 
The course of the air from the large opertiire c over tl 
stove, through the staircase, over and under the doors, iot 
the rooms, and thenee through the ceilings, and upwuil 
hy the escape-flues, is shown by the direction of the arrows 
the quantity of escape is regulated by means of throtils 
valves at the mouth of each escape-flue, hy which the tAl 
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of the Tentilating curreut can be increa 
The kitchen is ventilated in a eimilar i 
proceed- from the ceiling over the fire-place, and another fruin 
over the gas cooking -etovea. The first flue ig built Id the 
gable close to the smoke-Hue, and the second poeses upwards 
by the hack of the cialem and pipes of a water-closet, thus 
protecting thorn from ibe action of frost, p ia the pipe con- 
veying the amoke from the fire which heals the cockle into 
the Bmoke-6ae, //. At i2 is a damper for regulating the 
draught of this Gre. 

In the above arrangeiDcut, the cockle-stove was used aa 
the source of heat. There are many cases in which tha 
Aruott stove may be used as a means of worming and venti- 
lating, when placed in one of the lowest rooms of the house, 
and used as a source of heat to the air supplied to the house 
from without, as in the following ingenious application of it 
by my late friend Mr. Charles Govrper. In a letter to mo a 
faw years ago he says : — 

" I tried an experiment thia winter, and derived con- 
siderable advantage from it, for the water in the jugs in the 
top rooma of my house did not once freeze, notwithstanding 
the intense cold. My house couHiata of four floors of two 
rooma each, with a woah- 
honse outside at (he back. 
The hack kitchen ia but little 
used, BO I put one of tho 
nnaliest Arnott stoves, M 
inches square, in it, apply- =^_]\ 
ing a sheet-iron plate to close ^^T— /* 
Op the chimney of the kitchen 

range. This heated the stair- ng. isg. Me.hnd of Wjirming and 
case a little way, but the heat VKntUalLiig. 

could only get up by means of an upward current under 
the flight of stairs, and a downward current on the stairs, 
u shown in Fig. 13S. I found that in all atatea of tlie 
wind there was a strong inward current of air at a door 
opening into the outer air from the back kitchen. There 
were also inward currents of air even at the top windows of 
the house. I believe this is the caae in nine- hooaes ont of 
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be at once adopted. Thna, for example, 
ebonn in the accompaQylug steel eiigravilig, : 
IB made to keep the air of the room and that « 
throagh the fire aeparate ; and thus, while 
BdvantageB, to get rid of the defects of ehimO' 
Suppose that in such a LouHe there are eight r< 
fire-places arranged hack to hack against the [ 
it ie proposed in this case to convey all the product^B 
bustion ioto a single vertical flue, b h, while to t 
fire, atr ducts or chancels, //, leading from tbfll 
atmosphere, are introduced beneath the flooring in e 
and opening to the fire at the hearthstone. The | 
or single flue would probably not require to ba I 
10 inches in diameter, and might be made of < 
vitrified or glazed inside. Immediately above tti« J 
in each room, the smoke-flue, 6 b, would have a d 
branch flue to fit into the throat above the 
this part would be constructed so ae to be Ui4 
relation to the surrounding air chambers. On this fl 
products of combustion from all the firei of the ho9 
collected into one flue with the kitchen fires at the botU 
as lo ensure more or less beat paasing up the chimney ll 
times of the year. Around the smoke-flue, b, i 
to leave an open annular space, a a, passing up theJj 
length of the chimney, from the top of the kitebei 
fiiU height of the shaft at A A, Fig. 1. This might be « 
AD octagonal form, aa shown in plan. Fig. 2. Tlua o' 
Vfould become the means of relieving the rooiBt ( 
vitiated air, the heated smoke-flue cauetng a constAotit 
to rise through it, carrying along with it the injui 
of each room by the apertures, eec, and passing off ftl 
the apertures, h h, beneath the chimney t 
the fire being supplied with air by a sufficiently capaaot 
duct, the constant loss of heat and draughts from n ' 
and doors are obviated, while at the same time the airol 
room is kept pure by the passing away, at all timea i 
the day and evening, of those portions least fitted for n 
tion, and without the possibility of the passage of ■ 
tbroagh the apermres iuietided for seBlilation." 
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■moke-fiae be liable to counter-dranghta deacendiog from tha 
firee on cue aide to those of the other, two emoke-flties might 
be fixed in the air chamber, ae at k k. Fig. 3 ; or the ainglo 
flue might be divided by a partition as at nn, Fig. i; either 
of which plana would prevent aacending ciirrentB from one 
room deacending into another room. It is clearly seen that 
this aystem would not only diminish the quantity of emoka 
from the firea, but would retain the air aurrounding the 
amoke-flue at all times in a rarefied state, eneuriDg a conetant 
onrrent of fresh air poaaing through the different rooms, and 
requiring no other fire except that of the kitchen to ba 
lighted. The perfectly straight vertical flue would admit of 
great fucihiyin hruahing and cleaning, and by estending tho 
tube or tahea downwards, a dnst-hole, r/, Fig. 1, might ba 
formed under the kitchen fire, from which the soot could ba 
removed oa it accumulated, at convenient intervala, A psr- 
feetly close and tight damper should rIso be fixed in the throat 
of each fire that communicates with the vertical smoke-flue, so 
as effectually to shut off any pnrticuiar room from the emoke- 
flue during the aummer months when fires are not used. 

A great saving of fuel would be produced by double panes 
of glass in email rooms, and double sashes in large rooms, 
with a atTatum of 5 or fi inches of air between the two sashea. 
In rooms where the glazing aurfsce ia large, double aaahes 
are more needed than in smaller rooms. Double windows 
would alao greatly diminish the effect of street noises, 

The CommiBGionera found that the nae of gas for heating 
purpoaea, in places remote frons the coal districts, was too 
expensive, but many attempts have been made to ventilate 
the rooms of an ordinary dwelling-house in which gaa is 
naed for illuminating, by means of the heat thereof. The 
following plan ia by Mr, R. Brown, of Mftiicheater. Through 

opening in the ceiUng is passed a wide tube, one end of 
which conveys the foul air to the outside of the houae, and 
the other projects a little below the level of the ceiling. The 
gas-pipe entera on one aide, and ia bent so as to hang per- 
pendicularly in the centre of the tube, and carries an annular 
bnrner at the lower extremity. The burner is surrounded 
by A glass chimney, which is supported at its toif ■j.ii, *. 
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metft] cone-piece, and aecnred to the iGwer extremity of tli 
tnbfl by acrewB. The whole of this arrangement in ■ 
ronnded by a hemisphericftl glnss shade, the mouth of wbii 
is nppermost, and its upper edge ia a few inehea LelowtB 
level of the ceiling. The shade ia attached at its npper ei 
by Bcrevra to a metal ring, and ia hinged to a second r 
fixed to the ventilating tube by radinl arms. This c 
shade can be lowered by means of a cord, for the purpose ^ 
lighting or cleaning. A highly polished metal rvflQCtori 
also added to increase the effect of the bght. The air of th 
apartment paaaes off in the stronp dranght occaBioned by tl _ 
burner, and » fresh supply of air is admitted at the lowa 
part of the room. 

In the ventilation of public buildings which are open 
chiefly by night, such as theatres, concert rooma, leotuce 
haha, &o., the means adopted fof 
lighting naually form a powerful ven- 
tilating force. A direct esperimiflit j 
was made by M. Morin, to show ho^"^ 
fur the gas used for lighting ths roo 
might not only remove the vitiated u 
but be the means of introducing « pr 
porCionnl quantity of fresh air. For thi 
purpose the windowfrnme w 
from the window of a large dining 
r room, and tlie space was fiUed up mi 
aainc box, abed (Fig, 131), divida 
by vertical partitiona, eg, into thn 
mpartmeuta ; the middle compwt 
ment had an opening, t, near tb 
bottom, by which the air was dnm 
out of the room, and near the top 01 
I further or exterior side was tt 
opening, 1 1, for the discharge of ik 
tiated air. About midway in tld 
mpnrtmeut were a dostin jets of gal 
before which whh placed a curved ghisB pane, m m, throngli 
whieb the dining-room was illuminated. Thus a ventilating 
rfwcB ma MtabHithed by nieciDB of t\i« ^ea ^«ta in this oi 
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compartment, the air of the room passing from t to the out- 
side through the aperture At the same time fresh air was 
allowed to enter by the two outer partitions, which were 
furnished with openings, nn, on the outside, which air, 
passing up through these two outer partitions, escaped into 
the room through the meshes of the wire gauze, o o, placed 
near the top. 

' During the day, when the pressure of gas was weak and 
Tariable, the results of the arrangement were variable ; but 
as a general result it was found that the combustion of a 
cubic metre of gas, or 35 cubic feet, produced a discharge of 
13,650 cubic feet of air at a mean temperature of 131° Fahr., 
thereby bringing in a supply of fresh air equal to from 
141,000 to 15,400 cubic feet. 

It is stated that a more powerful effect would have been 
produced if the gas had been divided into a number of 
separate jets enclosed within a larger number of ventilating 
openings; but under the conditions observed, from twelve 
to* fifteen persons in the room during four or five hours 
in the evening were supplied each with more than 19 cabio 
feet of fresh air per minute. 
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HISTORICAL NOTE ON THE INVENTOR OF TH 
SO-OALLED POLIGNAC FIEE-PLACE. 

When tbJB book was re-iesued in 1858, a correction was rndde witli 
respect to a atatement in the First Edition, end oithongli the 
interest that attaches to it is purely historical, it is right to repeat 
it here, Its effect ia to restore to m old inyentor the honour o£ 
which he hsa heeu moat unjustly deprived. At pages 83 to 94 . 
of thifl edition, the celebrated Polijnacjire-place, which has served 
as the type of many modem inventioDfl, ia described. Iliying bad 
to write ax article a few years ago on " Warming and Ventilation " 
for the Qaarterly iievunc, I had occasion to inquire under what 
carcunL=taiicea so great a man as the Cardinal Polignac made thia 
useful iDTentioD. Mr. Beman etatea in hia " Histojy of WaTminjj 
and Ventilating Rooma, &c." that tiie Cardinal wrote the descrip- 
tion of his fire-place under the assumed name of Ganger, ani my 
deacription of the fire-place already referred to waa t^en from 
Ganger's hook. Mr. Bemac opens the second volume of his work 
in the following manner ; — 

" The Cardinal Polignac is known as one of the moat clasaic of 
modem Latin poeta; and hia hiogrsphera, in their admiration of hia 
nerroua versification, profound reasoning, and benevolence of senti- 
ment, place bim almost above tlLe great Roman author whose 
opiniona he combats and overthrows. 

"A small work in a different style of comporition, and on a 
somewhat unpoetical subject, that be composed in 1713, also 
poasesxes superlative merit. In this useful treatise the clerio 
prince observes, that persons who value a machine only from the 
apparently great effort of genius required 1«) in^CTi. \\., ticsva "^^ 
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complexitj of ito parts, the difficultieB encountered, and monejr 
spent in bringiog it into notice, vill find little to plefiae theit 
romantic tajrte in hia pBrformRncB. But those of b mora OMtMt 
judgment, who can see worth in a contrivance notwithstanding 
ita simplicity of construction and eaainess of execution, will p 
haps prefer his apparatus to more ostentatious producyons; i 
what, for instance, can be more pleasant, useful, economical, and 
necessary, than to know how to make a fire apeedily, and n 
it bum vividly without the ^d of bellows F to heat a capacioui 
room with a small fire, and at the same time breathe an lui frwk 
and pure, as well as healthily warm P In ie Micaniqae i ft* 
he shows how these and other desirable comforta may be oht^ed 
by means of a very simple contrivance." — Bernan, voL IL p. L 

Thia statement of Mr. Cernan, repeated by aub^eqitent writen, 
that the Cardinal de Polignac was the inventor of a new 
greatly improved fire-place, and that he described it in & tte. 
published in 1713, mduced me to examine more carefully iba 
original treatise. I found two copies of the work in the Libraiy 
of the British Museum, but these were reprints publiahod it 
' Amsterdam in 1714; and on the title-page the author^s nama 
appeared aa "Monsieur O * * *." I also found in the same 
library an English translation of the treatise " set forth in Frmch 
by Monsieur Gauger," puhlished in 1716. I also found in the 
Library of the Royal Society a translation, or rather an adaptation 
of the work by Dr. Deaaguliera.* To my flurprise the learned 
doctor gave no hint as to the illostrioua authorship of the bonk, 
a drcumstance altogether unaccountable if he were aware of itj 
for what eo likely to moke his translation popular, or to favour ths 
introduction of the stovea into England, which appears to hare 
been hia intention ? To suppose ignorance in Deeaguliera, would 
be to suppose what is Bcarcely possible, namely, that so eminent • 
personage as the Cardinal de Polignac should have caused the 
atove to be constructed, should have allowed hie friends to see it 

• " FiHBS Imtbov^ ; Being a New Method of Building Chininfly!, m u 
to prevent their Smoking: in whicb A Smill FTre shall wsrm ■ Room bcHBT 
thin a niDCb Lari/er made the Cnmnuni Ifay. With the nunner ot alMrlng 
such Chimneys Bs UG akudy Built, so thut they shall perfonu the ume cfl*cn. 
lUiutiatad with Cuts. Written in French, by Moniteur Gauger: unit 

'^-'-■-' —' ' ' 'ly J. T. Deaagulicre, M,4., F.R.B. Bv whom la 

•'■' — CoiL-FiRBS, is UMtul (hia JVno-jFW, sstlw 
rench Anthoi. Explaln'd by oa uldillon*] 
the CapacJ^ of the meui«at Woiimui.' 



SO-CALLED rOLlQNAC FIBE-PLACE. 335 

i'n action, and should have published an elabocatj daacciption o( 
it, and yet should be able to prevent the authorship of the treatisa 
basa becoming speedily known all over Europe, I nest conaulted 
the biographical notices of the Cardiiial for information on this 
point, but in vain j yet, meeting with a paaenge in Madame da 
fievignS's letters, in which she said of Poliguac, "H aait tout, 
il parle de tout, il a tonte In douceur, la vivaoiti!, la complaiaanee, 
«|u'oa pent eouhaiter dans le commerce," the probability sgfl,in 
Pawned upon me, that with talents so versatile, he might, after 
fell, have been the inventor of the fire-place. AtKordingly, I 
looked throug-h a more copioua life o£ the Cardinal, written by 
fire Fancher, and published in two volumes in 1783. This work 
supplied much that was amusing and intereating! it described its 
liero as an orator, a poet, a diplomatist, bq antiquarian, and what 
was more to the purpose, a cultivator of the arts and sciences, 
Init still not a woid about the flie-place. Again, knowing that 
JDr.Fiacklin had taken this so-called Polignacfire-plaue as the basis 
of his improved Pennaylvouian tire- place, I consulted Dr. Franklin's 
works, and found him more than once referring to these stoves as 
fbe invention of a Monsieur Gtaiyer, and not once ascribing tbem 
lo the Cardinal. Anxious, if positible, to see the Paris editions of 
the tieatise ascribed to Folignaj!, I repaired to the library <{ the 
E^yal Society, where I found the edition published at Paris in 
3749, with the name of the author, Monsieur Oanger, honestly 
looking one in the face. It then occurred to me — what, if uiier all, 
Oauger should have been a real pereonage, and not a mere noni de 
fhmiet Impressed with this idea, I consulted the Bioi/raphia 
iCniverselle, and in the sixteenth volume, published in 1616, I 
iound the following entry, "OAUGEK (Nicholab)," prefacing 
a notice of his life by M. PutiLud, a few points of which it is of 
importance to state. 

"Nicholas Ganger was bom near Pithiviers, about tie year 
'2680. lie early devoted himself to the study of experimental 
philosophy, and supporttjd hiuiBelf by giving experimental lectures 
In Paris. Ilts character and acquirements gained him the friend- 
iship of P. Desmolets of the Oratoire, and of the Chevalier do 
.Jjonville. The latter said that Gauger, in repeating the eiperi- 
' menta of Kuwton, arrived at more certain results than any of his 
ffComiietitors. Gauger died in 1730, after having published a work 
! , entitled ' Mdcanique du Feu, ou 1' Art d' en augmenter les effetfl 
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et d' en diminuer la depenee.' The first part of thk work con- 
tained the ' Traits dea nouvellas Chemin^es qni fchauffent jiIub 
led chemin^es ordioaires, et qui na mat paint sujetes ft {luaer. 
Paris, 1713, 1749, in 13mo., erabelliBhed with twelve pUtea. Thi» 
work has been often reprinted, and translated into different Iwi- 
gnagsH, and includes a great part oi the inventions of this deMilp* 
tion, which have eincB been published as new. It contain* * 
account of those healthful fire-placeg and atovea in whiGh then i* 
a double current of air, invented b; the same author, and deMSibsi 
in the CoUectioa dea Machinu of the Academy of Sciences for Qt 
year 17S0, Nos. 218 to 223. Ganger's process having been followtd 
(or the first time bj his brother, a Chartreuz monlc, the fire-plaoM 
made after that principle came to be called fire-places d la Oar* 
fr«*se," I learn from the same memoir, that in 1728, Gaoif^ 
published an essay on the refranRibility of the raya of light, U 
also an answer to the objections to Newton's Theory of tiie Cm»" 
position of White Light. It appears from the title-page d « 
essay on Thermometers and Barometers, published in 1722, that 
Oauger was " Avocat an Parlement de Paris, et CenauM RojiJ* 
des livrea." 

With this evidence before roe, and more fa) which I e 
presently refer, I returned once more to the consideratdoa il 
Mr. Beman's work, and found that he continued in th' 
strain as the eitract above given, to describe through ( 
pages " the Cardinal's " invention, and to give us "the CardinaTa" 
thoughts on the matter in " a style of composition " unlike enoug 
to the polished diction of Polignac. He repeatedly oacribea til 
authorship of Le Micaaique & FeK, as he persists in calling I 
M4camqae liu Few, to Cardinal Polignac; in one plaos a 
patronisingly, "In his meritorious treatise, the Cardinal d "' 
BeveraJ complei varieties of his fire-place," vol. 
another, in Le Micaniqae A Feu, the Cardinal describes < 
"arrangement of hia fire-place with the caliducts or mea 
perpendicular," &c., p. 7. " This arrangement v 
reconuneniied by the Cardinal as the best of the eeriee d«aerib< 
in his treatise," p. H, " And the whole armngemont, contioUi 
the Cardinal, is ao simple, so convenient, and easy of executi 
that it is best adapted for general use, and ' I myself nt t 
moment apply it to very good purpose,'" p. 13. " In the cat 
of his experience the Cardinal found that hia fiie-plaoa m 
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perfect specilio RgainEt the annoyaDce of emoke in looma, which 
deatioyed the lungs of thoae who breathed it, and smutched the 
fininhingsof the walls, tutniture, and even thing in the apartment, 
'and particularly the lace, linen, akin, and eyes of the ladies,' " 
p. 14. Mr. Beman went a atep too tar for the most crednlous of 
readers when he aaeribed to PoligTiac, the most polished gentleman 
and tniahed orator of his age, any term whit.h could be translflted 
into ^e " smutched eyBs " of ladiea. At p. 119 he returns to tha 
sabject, and says that " Cardinal Poiignac attempttul to refiect the 
radiant hdftt into the room from parabolic coringa." 

Oould one auppoae that Mr. Beman'a statements were made ia 
ignorance, or that they had arisen from some unaccountable 
blunder, or from a too credulous following of pravious writerSf 
one might be disposed to pardon, 'while we muiit continue to 
deplore, an error which baa led others astray. But when I 
observe that he has consulted all the authoritiea where the truth 
Btanda plwnly revealed— that he has consulted Desaguliera' tranda- 
tion of Ganger's work, that he quotes from the "Experimental 
Philosophy " of DesaguliarB, and even from the very aame poatacript 
in which the doctor says — " In the year 1715 I translated from 
the French a book called La Micantque du Jeu, which I knew to 
be written by Monaieur Gauger, a very ingenious gentleman of 
Paris, though he concealed hia namei"* when I find that Mr. 
Beman is aware of the engravings of Gauger'a fire-place, in the 
Memniis of the French Academy of Sciences for 1730, where the 
invention is fully described and imputed to its rightful author, 
and where the question of the printed treatise is not left doubtful, 
but ifi thus noticed:— "M. Gauger a fait un Traits sur cetto 
mati^re intitule La M&canigve du feu ou il a' etend beaucoup sur 
oette sorte de cheminSes, &c.;"t when I find, moreover, that 
Mr. Bernan has consulted Dr. Franklin's writings, where, in a list 
of fire-placea, mention is twice made of theae of Gauger, and refep' 
enoe made to M. Gauger'a tract, entitled La Micanique da Feu ,-''{ 
when all these things are considered, with a knowledge of the 
tuA that both Gauger'a Life in the BioffraphU Univerielk,^ and 

• Desaeuliera' " Experimental Philosophy," vol. I!, p. 657. London, 1783. 

t JUarliia's rt Inventiaiis nppnmvifi wit L'Acadimie Bin/alt dei Sdaiatt 
Temt qiHitrieme. Dfjialt 1720, juiq"! 1T20. Pulillalied at I'aris, 1735. 

} "TheWcirks of BeQJammFraniaiu." By Jarcd Sparka, Boflton, ISdd 
Tol. vi. pp. 3B and 41. 

I Bici/Tajihie VmoaiMe, Tome xvi. pp. £70, S77. 
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Polignac's Memoirs by Faucher/ weie as open to Mr. Bernan aa thflf 
were to any one, and that -While in the latter there is not a syllabto 
of any such invention being attributed or attributable to the 
Cardinal, in the former there is a distinct mention of Ghuiga's 
inyentionsi with the full title of the book which describes them 
(M4canigue du Feu, &c), a notice of the parts into which tke 
work was diyided, its success, and translation into other lan« 
guages, &a,— considering this, my conclusion is, that Mr. Benaa 
has committed one of the most unaccountable blunders which hii 
come under my notice for many a day. 

* BUtovin du Cardinal de Folignac. By F^ Faocher. Parifl^ 178GI 
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PHiCTIOAL PLANE GBOMBTBT; Giving the Suaplot 
Modea of Conatruoting Figoies contained in one Plans, bf 



J. F. Heatheb, M.A 
PROJECTION, Orthographic, Topograph! 



giving tl 



and PerspentiTfli 
)dea of Delineating Solid Forms by Cen- 
1 Plane Surface, by J. F. Hjiathee, MX 
,• JVw oiofe lira volumei, uiiih tkt Authof'i work alriadf/ 
the Series, " Deicrijilire Geunwirj/," via form a eompleU Sir- 
mcntart/ Course of Mathematical IJrawing. 



CIVIL ENGINEERINQ. 

13, CIVIL ENQINEERIKQ, by H. Law and G. H, BiirneU. 

Edition, with Additions. 5j. 
29. DRAINAGE OF DISIKICTS AND LANDS. bvG.D. 
— '- Gd. 

".(AiVo, so (See pngc 1), Draiivige nJid Stmage of Tiioru, St 

PUBLISHED BY LOCKWOOD b CO., 



w 

' 81. WBU 



WORKS IN FINE ARTS, ETC. 



[. WBLL-SINKING, BOEING. AMD PDMP WOBK, bj J. 0. 
Swindell, revised by G. R. Biirnell. U. 
43. TUBULAR AND IKON GIEIJER BRIDGES, including the 
Briiannia and Conwov Bridges, by G. D. Dempaej. I*. Hd. 

46. EOAD-MAKING AND MAINTENANCE OP MACADA- 

MISRD ROADS, by Kiold- Marshal Sir J. F.Burgujne. U.6d. 

47. LIGnTUOOSEa, their CoQstruotion and DlumiusrioQ, by Alan 

Slayenson. 3j. 
(13. BAILWAY CONSTRUCTION, by Sir M. Stepheoion. With 

Addiliona hy E. Nugent, O.B. Set, Hrf. 
e2». RAILWAY CAPITAL AND DIVIDEHDB, with Sfatistics of 

Working, by E. D. Chi»tfBwsy. 1». 

iVb. «3 r>»i' 92' in 1 I'dl.. 3l. U. 

80*. EMBANKINGLANDSFROMTHE8EA, byJ.Wiepns. 3t. 
82". GAS WORKS, aiidrhe PRACTICE of MANUFACl'UKING 

and DISTRIBUTING COAL GAa bj 8. HnaheB. Ss. 
e2»«, WATEH-WORKS FOR THE SUPPLY OP CITIES AJTO 

TOWNS, by S. Miighos, C.E. 3s. 
118. CIVIL ENQINEEKINQ OF NORTH AMERICA, by D. 

StnyenBon. 3ir. 
120. HYDRAULIC ENGINEERING, by G. R. Enrndl. Ss. 
f 131. RIVERS AND TORRENTS, with the MetJiod of Regulating 
^^^_ their Cunree and t hannoU, Nsvigable Canals, &<>., from Ills 
^^^L Italian of Paul Wii\. 2g. tid. 

^^r EMIGRATION. 

If 15*. GENERAL HINTS TO EMIGRANTS. "23. 

157. EMIURANl-9 GUIDE TO NATAL, hy R. J. Mann, M.D. 2j. 

159. EMIGRANT'S GUIDE TO NEW SOUTH WALES, 

WESTERN AUSTRALIA. SOUTH AUSTRALIA, VIO- 
TOBIA, AND QUEENSLAND, by JameBBaird.BA. 2s. (W. 

160. EMIGRANT'S GUIDE TO TASMANIA AND NEW ZEA- 

LAND, by Janiefl Baird, B.A. [/n Freparalion. 



FINE ARTS. 

20. PEHSPECrrVE,byG»)r(!ePynB. 2s. 

27. PAINTING ; or, A GRAMMAR OP COLOUEINQ, by G. 
Field, 2s. 

40. GLASS STAINING, by Dr. M. A. Geasert, with an Appendizt 

on the Art of Enamel Painting, &e. U. 

41. PAINTING ON GLASS, from the German of Fromberg, 1«. 
69. MUSIC, Troliw on, by C. C. Bpencar. 2s. 
Tl. THE ART OF PLAYING THE PIANOFORTE, by C. C. 




WORKS IN MECHANICS, ETC. 



LEGAL TREATISES. 

50. LAW OF CONTRACTS POE WORKS AKD SERVlCEa, 

by Daviil Gibbons. Is. fid. 
107. THE COUNTY COURT GCIDE, br a Barrister. Is. Bd. 
lUH. METROPOLIS LOCAL MANAGEM'ENT ACl'S. Is, Gd. 
ll)8». METROPOLIS LOCAL MANAGEMEMT AMEMDMBNT 

ACT, 1862; with Kotes and Indei. U. 

A'o<. 109 ,l«d lOS* in. I litil., ai. ed. 

109. HUISANCKS REMOVAL AUD DISEASES PRETENTIOH 

AMENDMENT A CT. U . 

110. BECENT LEQISLATTVEi ACTS applying to Contnwlors, 

Moreljanla, and Tradesmen. U. 
151. THE LAW OF FRIENDLY, PROVIDENT, BDILDINa, 

AND LOAN SOCIETIES, by N. Wliile. Is. 
163. TILE LAW OF PATENTS FOE INVENTIONa, by F. W. 

Caiiipin, BarriBUr. Un. 



MECHANICS & MECHANICAL ENGINEERING. 

6. MECHANICS, by GhBclea Tomlinson. la. Gd. 
13. PNEUMATICS, by CharloB TomlioHin. Hew Edition. U. 6d. 
»y. CRANES AND MACHIHEEr FOB EAISIHO- HEAVY 

BODIES, the Art of ConBtruotiog, by J. Glynn. 1«. 
34. STEAM ENOINB, by Dr. Lardner. la. 
59. STEAM BOILERS, tbeir ConBtrudaon and Management, by 

R. Armstrong, With Additions by R. Mallet, U. M, 
63. AGRICUT/rUBAL ENGINEERING, BUILDINGS. MOTTVB 

POWERS, FIELD MACHINES, MACHINEEY AND 

EtfPLEMENTS, by Q, H. Andrews, C.E. 3.. 
67, CLOCKS, WATCHES, AKD BELLS, by E. B. Deni>oQ. Sen 

Edition, with Apnendii. a?. fW, 

77*. ECONoTC op" FTJEli, by T. S-'lCidmC 'u. 6d. 

7B'. THE LOCOMOTIVE ENGINE, by Q. D. Dempiay. 1». <M 

7i)>. ILLUSTRATIONS TO THE ABOVE. 4to. 4*. Sd. 

St. MARINE ENGINES, AND STEAM VESSELS, AND THH" 
SCREW, by Robert Miiira}', 0,E., Engineer SiuTeyor to tU 
Board of Trade. Fifth Edition, rarised and aiigmentBd, wHk 
a Glossary oF Technical Termi, with their equiraUnti io 
Frenoh, German, and Spanieh. 3j. 

82. WATER POWER, as applied to Mills, ix.. by J. Glynn. &. 

97. STATICS AND DYNAMICS, byT. Baker. New Edition. UM- 

98. MECHANISM AND MACHINE TOOLS, by T. Baher; M* 

TOOLS AND MACinNERY. hv J. Saamyth. 2i. M. 
Ii3». MEMOIR ON SWORDS, by OoLMarey, tranalflted by Oect- 
Ool. H. E. MaiwBll. Ij. 

PPBLTSHED BY LOCKWOOD A ( 



|| ■ MISCELLANEOUS TREATISES. 

^ DOMESTIC MEDICINE, by Dr. Ealph Gooding. 2b. 

Ha*. THE MANAGEMENT OF HEALTH, bj Jamei Baird. Ij, 
■113. D8E OP FIELD ABTILLERY ON SERVICE, bjTanbert, 
* tranalBtod by Liout.-Col. H. H, MaiwoU. Is. 6rf. 
ISO. LOGIC, PURE AND APPLIED, bv S. H. EramenB. U %d. 
"^62. PRACTICAL HINTa FOE INVESTING MONEY: with 
nn Eiplanalion of the Mode of TransaL-ting BuBiuees on tlte 

( Stock Eicharge, by Franoie Plajford, Sworn Broker. Is. 

i63. LOCKE ON THE CONDUOT OF THE HUMAN UKDEE- 
f STANDING, Seleotione fcom, by 8, H, EmmeEs. 2s. 



NEW 8EHIE8 OP EDUCATIONAL WOHKS. 

Hilton. In. ; eloth boards. 

6, GREECE, HiBtorj of, ti/w. D. Hamilton and E. Lerien, M.A. 

2«, 6d. ; cIotL boards, 3s, 6rf. 
' 7. ROME, History of, by E. Lovion, M.A, 2s. Gil. ; clotb boarda, 

3s. 6rf, 
9. CHRONOLOGY OF HISTORY, LITEEATUEE, AJtT, 

and Progress, from the earliest period to the present time, 

2«. 6rf,: cloth boards, 3*, 6rf. 

11. ENGLISH GRAMMAR, by Hyde Clarke, D.C.L. Is. 

11». HANDBOOK OP COMPARATIVE PHILOLOGY, by Hyde 
Cisrke, D.C.L. Is. 

12. ENGLISH DIOTIONAEY. contaioing above 100,000 words, 

by Hjdo Clarke, D.C.L. 3a. Brf,; cloth boardi, 4». 6rf. 
■ ~- ; with Grammar. Cloth bds. &i. 6(f, 

14. GREEK GRAMMAR, by H. C. Hamilton. Is. 

15. DICTIONARY, by H. R. Hamilton. Vol. I. Greek— 

English. 2s. 

17. VoL 2. English— Greek. 2». 

Complete in 1 to!, 4s, ; doth boards, 5s.| 

, with Grammar. Cloth boards, 6j, 

19. LATIN GRAMMAR, by T. Goodwin, M.A. Is, 

20. DICTIONARY, by T. Goodwin, M.A. Vol. 1. Latin 

—English. 2«. 

22. Vol. 2. English— Latin. Is. 6rf. 

Complete in 1 vol. 3s. firf, ; cloth boards, 4s. (W, 

, with Grammar. Cloth bds. Ss. ed. 

24. FRENCH GRAMMAR, by G. L. Strauss. It. 



1 



7, STATIONERS' HALL COURT, LtlDGATE HILL. 



A 



10 EDUCATIONAL WORKS, 

36. FRENCH DICTIONARY, by A. EIwm. Vol. I. 
Englieh. li. 

26. Tol.3. English— French. ]«. 6/1. 

Cunipleto in 1 vol. 2', 6rf. ; cloth boiirds, 3s. Sd, 

, Willi Grammar. Cloth bds.4«. 

27. irALIAN GRAMMAR, by A. Elww. J.. 

28. TRIGLOT DICTIONARY, by A. Elwe«, V6L 

Imlisn— English— Frenoh. Us. 

30. Vol. 2. English— Franeli— Italian. 2j. 

33. Vol. 3. French- Italian- English. 2j. 

Coniplato in 1 tol. Cloth boards, T«. 6d, 

, with Gramniflr. Clolh bd>. 8*. ( 

34. SPANISH GRAMMAR, liy A. EIwob. U. 'M 
-ENGLISH Af«D ENGLISH-SPANISH 

: cloth bonrd", 5j. 
-, with Grummar. Clolh bourdi, Sk 



TIONARY, by A 



39. GERMAN GRAMMAR, by G. L, Strj 

40. READER, from host Authors. Ij. 

41. TRIGLOT DI(7riONABY,bjH.E.8.A. 

Vol.1. Englieli — GsTman — Fi^nob. Is, 

42. Vol. 2, GBrmaii— Franoh- Engliih. U. 

43. Vol. 3. French— German— Enplieh. In, 

Complete in 1 ToL 3*. ; cloth hoardg. 4j. 

, with Grammar. Clolh boards, I 

44. HEBREW DICTIONAEV. by Dr. Breaaku. Vol. 1. HebM| 



46. - 



, with Gramraar. 7*. 



GRAMMAR, by Dr. Breielnu, 

47. FRENCH AND ENGLISH PHRASE BOOK. . . 

48. COMPOSITION AND PUNCTUATION, bv J.Branan. Ifc, 

49. DERIVATIVE SPELLING BOOK, by J. Itowbotham. 1(.H 
60. DATES AND EVENTS. A Tabular View of English Histoq 

with Tabular Geography, by Edgar H. Eand. [/« FripanOim 



I 



NEW B^ADIirO BOOKS, 

AdapteJ to the Requtemfula of Ihe. Ruriisd Codt, entUhi 

THE SCHOOL MANAGERS' SERIES. 

Edited by (he ReT. A, R. Gbjkt, Rrctor of Hitcham. and Hoiunwy 

Canon of Ely ; formerly H.M. Inspector of Schools. 

I. d. \ (.It. 

FtiiBT SriNPARn ... D 3 I FonRTa SriKPARfi . . . O W 

SECO.VH , (16 1 Fepth „ 

TptiHO „ ....08' SrxTii „ 

PUBLISHED BY LOCKWOOD 4 CO., _ 



EDUCATIONAL AND CLASSICAL WORKS 



} GBEEE AKD LATIN CLASSICS, 

With Ejplanaforj Notes in EngliBli. 



LATIN SERIES. 

L. A NEW LATIN DELECTUS, wiUi Vocabalarica and 

Nolee, by H. Young 

i, C^SAR. De BbIIo Gallico ; Notes bj H. Young . . ; 

(. CORNELIUa BEPOS; Hotaabj H.Young . 

L VIRGIL. The Qeorgiea, Bucolice, and Doubtful Poenia; 

Notes bj W. Rushlon, MA„ and H. Youug , Is. f 

>. VIRGIL. jEneid ; Not™ by H. Toung ... I 

i. HORACE. OdeB,KpQdBB,BndCBmienSeciilara,bjILi'oung : 
'. HORACE. Sarires and EpietJei, by W. B. Smith, M.A. U. C 
I. BALLUST. Catilina aud Jugurlhine War; Holes bj 

W. M. Donne. B.A b. ( 

I. TERENCE. Andria and Heautonlimorumsnos; Notea by 

tbaRev. J. Davies, MA Is. £ 

I, TERENCE. Adelphi, Hecyra, and Phormio; Notes by 

tlioRflV, J. DaTias, M.A ; 

1, TERENCE. EuniiphuB, by Rev. J. Dayiefl. M.A, , U. t 

!. CICERO. Oratio Pro Seito Hoscio Amerino, Edited, 

Willi Notes, toi., by J. Dayiea, M.A. (JwsC renrfj/.) . 
I, CICERO. De Amioitia, de Senectuto, ftnd Brulua; Notes 

by the Ear. W, B. Smith, M.A ! 

1. LIVT. Books i, ii., by H. Young . . . , 1». £ 
(•. LIVY. Booki iil., iv., v., by H. Young . . . 1». e 
'. LIVY. Books jxi.. nii,. by W. B. Smitb, M.A. . Is. € 
I, CATULLUS, TIBULLCS, OVID, and PROPERTIUS, 

Seleniona from, by W. Bodham Donne . . . . 1 
I, SUETONIUS and the Inter Latin WritDTa, Beloctiona from, 

by W. Bodham Donna i 

.. THE SATIRES OF JUVENAL, by T. H. S.Eaeolt. M.A., 

of Queen's CoUego, Oiford In. 6 

7, 8TATI0NEES' HALL COURT, LUDGATE HiLL. 



EDDCATIONAL AND CLASSICAL WORKS. 



GREEK SERIES. 



I. A KEW GREEK DELECTUS, by H. Young . Ik, 

i. XKNOPHON. Anabaaia, i. ii. ill., bj H. Toung . . If, 
I. XENOPHON. Anabaaia, iv. Y, vi. vU., by H. Yonng 
L LUCIAH. Select Dialoguea, by H. Yonng 



5. HOMEE. niad, 
3. HOMEE. Iliad, vii. 
r. HOMER, niad, liii 
i. HOMEK. niad, lii 
). nOMEK. Odyasey, 
). HOMER. Odjeaaj, 
L. HOMEK. Odyeaey,: 
!. HOMEK. Odyssey, lii. 

Leapj, D.C.L. 
t, PLATO. Apologia, Crifa 
1. HEEODOTCS, Books i. 
). HEEODOTUS, Boots Ui 
i. HEHODOTUS, Books y.' 
!. HEK0D0TC8, Boots i 

Lcary, D.C.L 1». 

i. SOFUOCLES. (EdipuB TyrannnB, by H. Young . 

). SOPHOOLEa. Antigone, by J. Milner, B.A. . 

(. EDBIPIDE3. Hecuba and Medea, by W.B. Smith, M J.. 1». 

I. EFRIPIDEa. AlcostiB, by J. Milner, B.A. . 

). .ffigCIIYLDS. PranietlieuB Vinctos, by J. DavieB, M.A. . 

!. .aiSCHTLUS. Septem oonlra Thobal, by J. DfiTiel. MA 

). AKISTOFHAIfES. AchariienBes, by C. 8. D. Towntfasocl, 



by T. H. L. Leary, D.C.L. U. i 
»i., by T. H. L. Leapy, D.C.L. I*. ( 
.ivm.,bjT.H.L.Leary,D.C.L. I*. I 
.iii», bjT.n.L.Lparj. D.C.L. 1*, i 
o yi., by T. H. L. Leory, D.C.L I«.l 
. toiii., by T. H. L. Leary, D.C.L. U. < 
.toiviii.,bjT.n.L.LeBry,D.C.L. U.I 
..tonir.; and Hymns. by X.H.L. 

to, and Phado, by J. Daviea, M.A. 

. ii., by T. H. L. Learj. D.C.L. 1.. I 
iT.. by T. H, L. Loary. D.C.L. 1«. I 
..Tii.,bjT,H.L.Leary,D.C.L. I..I 
ii. ii., and Indei, by T. H. L. 



M.A. 



Ul 



1. THDOYDIDES. Paloponnesian War. Book i.. by H. Young 

'.. XENOPHON, FKiegyrioonAgOBilaua,byLl.F.W,Jewittl». 

LOCKVFOOD i CO., 7, STATIOMEKS' HaLL COUBT. 
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London, Afril, 1871, 

% Cslalopc 
NEW & STANDARD WORKS 

ENGINEERING, ARCHITECTURE, 

AGRICULTURE, MATHEMATICS, MECHANICS, 

SCIENCE, &c. &c. 

LOGKWOOD & CO., 

7, STATIONERS'-HALL ^OURT, LUDGATE HILL, E.C. 



ENGINEERING, SURVEYING, &c. 

numbers Nezv Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By Wll.I.lAM Humber, Assoc. Inst. 
C.E., and M. Inst. M.E. Author of "Cast and Wrouglit Iron 
Bridge Construction," &c. &c. This work, it is expected, will con- 
tain about 50 Double Plates, and upwards of 300 pages of Text- 
Imp. 4to, half bound in morocco. \Jh the press, 
*,' Ik Bcatjmdaling iufgnnatioB for Ms volume, the AuiioT has 
been vay liberaily assisted by several professional friends, who kam 
made this departtnent of engineering Ikeir special study. He has Ihus 
been in a position to prepare a work vihicA, viilAin the Hmils of a 
single volume, vnll supply the reader ■aiilk the most complete and 
reliable information upon all subjects, li/oretical and practical, con- 
nected VH/A water su^ly. Through the kindness of Sfessrs. Ander- 
son, Sateman, Ha^oisley, Homersham, Baldwin Latham, Lawion, 
Jttilne, Quiet, Rawlinsen, Simpson, and others, several 7Borks, con- 
itrvcled and in ciair!eofcoHstmetion,frem the designs of these gentle- 
men, itnBhe fully illustrated and dtscribed. 



-, Condiiils, Aqueduct*, &ypL . — ■ -- 

MeUn and gcnenl Koyse Fiuingi. — Cost of Works for the Supj^y of 
■tant ud Intermittent Supply.— Sugpntioni for prepannE FIsuui. &c. &c-, lagetlier 
with E DeHzription of the numeroiii World iliusmtcd, vii :~Abeni«:n. Biderord, 
DKltamouth, Dublin. Glugow, Luch Katrine, LireTpsol, Mmdister, Rotherhim, 
Sunderland, and several oilwn ; iriih copia of the Cimtnict, Dnwui«?, and Svefi* 



WORKS PUBLISHED BY LOCKWOOD & CO. 



Humbers Modern- Engineering. First Sm 



Plates, driwn to a large scale, and Photographic Portrait of Jl 
Hawkshaw, C.E., F.R.S., &c Prio! 3/. 31. half moroccQ. 
List of the Flalcs. 



SoDllipIITt Pier 

Tictoni StidoD and Roof— L. C. K D. & G. 

Roof o[ Gobi 



KoSf^STeTs. C Kail 'Yv^' Mr^RTjac^bHrnS 
^andio Mr. Jamei Bnmlcc^^ 

>iSA Mr. John Forfet. Ci! 

6 Mr. WitHam Huobe^ 

7 Mr. JoMoh Cubitt, CK 
idig Mr. Eixdudi. CE. 

orRa^y™.''."!'...7.?.'.f.''.°."™.^. mtosi* Mr. William B«k«, C 

rPlsKS as Mr. Jmnet nialmp^t 

isioD Sridgs, TliamK 96 to 19 Ml, Peter W. BuloK^ 

Men Engine 30 Mr. G. T, Fomx. M.B 

uJOD Bttdse, Avon 31 1033 Mr. J<^ Hawkiliaw.l 

andW. H: Bsriow-C 

Eiound Railway 34 "o 36 Mr. John Fowler, CSt, 

With copious Deacripdve Letterpress, Specifications, &C. 



msly lithographed and ^1 



jspf=pa™l*«t 



guidance of lie cuntnctora for many important enginei 

Humbers Modern Engineering. Second Series. 

A RECORD of the PROGRESS of MODERN ENGINEER 

INC, 1864.; with Photographic Portrait of Robert Stephenson 

C.E., M.P., F.R.S,, &i:. Price 3i y. half morocco. 

List of tht Plata. 

Birbabead Doelu, Law Water Ba^in i to 15' Mr. G. F. Ly>Ier. Ci 

Chirlna Croit Station Rooi^C. C. Railway. 16 to tE Mr. Hawlufiaw. C.E 

Digswfll Viaduct— Great Ngnh«mRai!»i.y. 19 Mr. I. Culalf,CE. 

R^bery Wood Viaduct- Great N. Railway. oa Mr. J. Cubitt, C.E. ■ 

Clydach Viaduct— Me^yr, Ti^dcgar, and 

Abergavenny Railway « Mr. Gardner, CE. 

Ebbw ViaduQt ditto ditto ditto 13 Mr. Gardner, CE. 

College WoodViaduct—ComwallKallway.. 53 Mr. Brunei. 

Diihlm Winter Palace Roof ;.... 341036 Messrs,Otdiah&I«n 

Bridge over the Than.e»-L. C. & D. Riilw. ;j 10 3' Mr.J.CoKttC" 

Albeit Harbour, Greenock 33103ft Meant. Be31 & It 

With copiotis Descriptive Letterpress, Spedficaliom, & 




be 



ORKS PUBLISHED BY LOCKWOOD ft CO. 



'.ber^s Modern Engine^Tig. Third Series. 

A RECORD or the PROGRESS of MODERN ENGINEER- 
ING, 1865. Imp. 4to, with 40 Double Plates, drawn lo a large 
scale, and Photographic Portrait of T. R. M'Clenn, Esq., late Pre- 
sident of the Institution of Civil Engineers, Price y. -^s. half 



Ud of Plata 
MAIN DRAINAGE. METROPOLIS. 



l^tl 



Outfall Sl> 



OothOSciver. 
■WaterwDrks' 
Outfall Sewer. 



■wer. Junction with 
Bridge over Rive. 
Bndge fiver Rivei 
BHdge over Rive; 

Rridgfs over Marsh 



ay^lfe. 



BarkhiE Rsilway. Det 



id Diagram!. 
MAIN DRAINAGE, 



and Outlet. 
sDd Outlet. 

and Outlet. 



EMBANKMENT. 



Overflow gnd Outlet I 



Vaterloo Bridjre. He- 
Vsierloo Biidge. De- 
, Plans and SectioaE. 



With copious Descriptive Letteipress, Sjiecilications, 4c. 



familial — fiira void occupied 1^ no olhct btancli of lilcraturt ... . 
UI MettDpolitao Board will 
setK! these records ornrorlci 



reptoKntaticns of ihc two ercat works cair 
obtain Mr. Humbci's last volume."— £«fiKs 

wKeh, for magnitude, have not their paralJf 



" A work highly creditable to the indmirv of its author. .... The volume fa quite 
an encyclopaidia for the itudy of the student who desires to muster the aubject ol 
municipal draioage cm its sole of greaCat developmem. — -/^rorfuB/ MreJiantci 



WORKS PUBLISHED BY LOCKWGOD & CO; 
Humberts Modern Engineering. Fourth Serii 

A RECORD of the PROGRESS of MODERN ENGINE] 
ING, 1866, Imp. 4I0, with 36 Double Plates, drawn to a la 
Bcale, and Photographic Portrait of John Fowler, Esq., Presidi 
of the Institution of Civil Engineers. Price 3/. 3J. half-m 
List of ike Plates and Diagrams. 

Abbey Mnk Fiuai»i>g Slslion, Main Dciimge, 

Bamiw Socks' 

Majiquis Viaduct, SanlJEigti and Valpnniuo 

lUnway 

Adami' Lacomolive,^ Sl Hclea's Canal Ksilw. 
Cannon Street Station Roo^ CluriiiE Cn»4 



Bead Bridge over the Riv» . . 

TelKnphie AppBXBtus for McnpotaEnia 

Viaduct over lEc River Wye, Midland Rsilw. : 
St. Conmns VMocL ConiiiralL Railway . . 
Wtonght-lron Cylinder r~ ™— - "-" 
MiUwanr ' 

Hilroy's Patent Eicaval 




WORKS PUBLISHED BY LOCKWOOD & CO. 5 

Humhef's Great Work on Bridge Constrtiction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRUJGE CONSTRUCTION, including 
Iron Foundations. In Three Parts— Theoretical, Practical, and 
Descriptive. By WlU-tAM Humber, Assoc. Inst. C. E. , and M. Inst. 
M.E. Third Edition, revised and much improved, with llsDoHble 
Plates (zo of which now first appear in this edition), and numerous 
additions to the Text. In 2 vols. imp. 4to., price 6/. t6i. fid. half- 
bound in morocco. \_Seiently published. 

I **A vory valuable coatributioo to tbe ^[Hndard liiemtqn? of civil en^neenne. In 

I uldldon to eLevatioDS, plaos, and. sectiaDS, larEc ±calc dcLaila are given, whif^K very 

njoch enhance Che ipslnicdve worth of these lilosmiUoos. No engineer would wil- 

lip^y be without so valuable a fund of infannatLon. "^CniU Engineer aJid Arthitect t 

"The First or Theoretical Part contains mathematicel investigaiiona of Ibeprin- 
volved ui the various fomis now adopted in bridge constmctlDll. ^lese 






■o,^ plale= an. 






" Mr- Humber's stately volumes iaiely issued— in whieb the moat important bridsH 
erected during the last five years, under the diieclioti of the late Mr. Bninel, SirW. 
Ckllatt, Mr, Hawtshaw, Mr, Page, Mr. Fowler, Mr, Hemans, and others among oia 
most eminent engineers, arc drawn and specified in great detaJL"— fHjrrnfr. 

TVeale's Engineer s Pocket-Book. 

THE ENGINEER'S, ARCHITECT'S, and CONTRACTOR'S 
POCKET-BOOK (Lockwood & Co.'s; formerly Weale's). 
Pub]ished Annually. In roan tuck, gilt edges, with 10 Copper- 
Plates and numerous Woodcuts. Price ds. 



[k published by or without authority, for Ibi 
_;™. _■.:,!. .^^i^ »n>1hing like the i 



or'lwi 


limalely connected 


liandy book of reference on a variety of subjects more 
ilh their profeasion. It might also be placed with 


"■nwalMgnmcnt of the la 
Lockwood & Co. has by no me 

the objetvatiDn that this con 
sustams the renulalion the wor 
is treated of, and facts, figure. 


e Mr. Weale 
jm it is spec 

an/daiaof^ 


s ■Etgixie^i Pxiel-SMt' to Matrt. 
heMandardvalucoflhework. ItisHlo 

r.^vlal^s »ries°of P^dk« Booki well 

very tind abound,"— JVK^Miri' if<v- 


■«^*it'if 


compUcd. AVe cordially commend 


"t^"ifij^z 


ble la tboae for whoie 
ring and archilocmral 



ns Et^ierally."- 

slfieude of mefuf tables, without t&fcrenc^ 10 v^\x ^ 

rrorcDukfKKTcely get tbrouEh a single dAVfiWQiV."— 
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WORKS PUBLISHED JBV LOCKWOOD &. CO. 
'arloiv Oil t/ie Strength of Materials, enlarge, 

A TREATISE ON THE STRENGTH OF MATERUU^ 

with Rules for application in Architecture, the CoastHJCtbn-di 
Suspension BridEf^s, Rmlways, &c. i and aa Appendii on "' 
Power of Locomotive Engioes, and the effect of Inclined P 
and gradients. By Peter Bariow, F.R.S., Mem. Inst. ofFtanesi 
of the Imp. and Royal Academies of St. Petersburgh and Bnutels ; 
ofllieAmer. Soc Arts; and Hon, Mem, Iniit. Civil Engiaen 
A New and considerably Enlarged Edition, revised by hu S — 
P. W. Barlow. F.R.S., Mem. Inst. C.E.. and W. H. BaC 
F.R.S., Mem. of Council Inst. C.E., to which ai 
mary of Experiments by Eaton Hodgkinson, F.R.S., Wn; 
FAIHBAtSN, F.R.S., and David Kikkaldyj an Essay ^.^ 
Illustrations) on the effect produced by passing Weigha 0. 
Elastic Bars, by the Rev. Robert WiLUS, M.A., F.R.S. A 
Formulae for Calculating Girdeis, &c The whole arranged ud 
edited by WiLLiAM Humbes, A^oc^ Inst. CE., and Mem. Init. 
M.E,, Author of "A Complete and Prictical Treatise on Cast •!*■, 
Wrought-Iron Bridge Construction," &c. &c Demy 8vo, 4 
with 19 large Plates, and numerous woodcuts, price l&. c' 




rs some imponant adviu)(iffq over pi 
:1 plaies, on du behaviDur of (iiden aib^ecnd lo 



strains, Formula & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 

in GIRDERS and SIMILAR STRUCTURES, and their 

STRENGTH ; consisting of Formulfe md Corresponding Dii^rams, 

with numerous Details for Practical Application, &c By William 

HuMBBS, Assoc lust. C.E., &c. Fcap. Svo, with neariy loo 

Woodcuts and 3 Plates, price ^s. M. cloth. 

UU h^ed Ihtl a imailtimrk, in a handy firm, dauted mlirely to P-^'''- —d 

Cirdtr Calcvtaiiaiu, iDitheul gsviHgsiorg iha-K is a^httety nectna ry/ert 

UbitieH a/f7nciscatfrBi/CBis, toilimtct milk riady acciStana/nm Du • 

fr^aim. Oia o/iir eAir/Jratara e/lhtprnml twrt is the ijctenskx 

0f1i1Hpt31t111mrucUda1t.rMt.as la IhrcaiculaHm cfilaiiralia sH hridps andgirdcn. 

''To Aunply a universally recoEDiaed -want of ^mple formulz, BppUcaHc to the 

mried probrcma to be mat with in onliiuiry practice, Mr Humbtr, whose works aa 

csmpilej hia 'Hancfy Book.' Tlie arrangcinait of the mailer in this little voluine is 
^espeoIM^.°Hll°m&r^TOiul^e'isr^lly^™^othe'iilnes.■'— £»fMW»^ '™ " 

" That 1 necesily enisled hs the book is evidenl, we think ; thai Mr. Huiaber has 
aehicTcd his design is equally evident, . . ^ , We hcarlily ccmmend the really humfy 
bodk to our engineer and architect readeis." — Engiirh JUrchavic. 

''It is, m fact, what it&namc indicates, aHandyioek, .... giving no more than 
iftabsoluiely necessary for the complete soludon of practical problcnu," — CaiUfty 

"This capital litlle work will supnlj; a want, oflen found by engineers, va., of 
hat^g the requisite formnla: for calculating strains in a complete fann, and yet suffi- 
ciaily poitabJe to be carried hi the TockeL .... Aknul every formuls that could 
pDSIRDly be required, together with diagrams of strains, is pnt condsely, yet clearly, 
in A work of considerably Ics size tban an encineerinif pocket baok."-^.^'-fuajq. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Conslruction. ByF. W. Sheilds, 

M. Inst.C.E. Second Edition, with 5 plates. Royal 8vo, Jj. cloth. 

CotfTHKTS.—Intioductoty Remarks ; Beams leaded at Centre ; Eeams_ Loaded at 

1^ bncing Loaded at centre ; Ditto, Loaded at unequal diatuicei between supports ; 
Ditto, uniformly Loaded; Calculalion of the Strains on Girders with triHTq;ular 
Bunp; Cancileveis: (^J^tinuous (Orders ^ Lattice Girders ; (Orders widi VeiliBd 
Struts and Diagonal Ties ; Calculation of the Strains on Ditto : Bow and String 
G&dcrs ; (Orders of a fonn not belonging to any T^ular figure : Plate Girders ; Apr 
pDi^QiunenLA of Material to Strain ; Comparison of different GirderA ; IVoportioa of 
tralth (o Depth of CJirders ; Character of the Woik ; Iron Roofs. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical a.nd Topographical Maps and Plans, Military Recon- 
naissance, Levellij^, &c., with the most useful Problenisiu Geodesy 
and Practical Astronomy, and Formuls and Tables for Fadlitating 
their Calculation. By Major.- General Frome, R.E., IiiKpector- 
General of Fortifications, &c. Third Edition, revised and improved, 
""" ■ Plates and 113 Woodcuts. 'Ro'pi^iQ, \7j, ■iwfti. 



WORKS PUBLISHED BV LOCKWOOD ft CO. 



Hydraulics. 



HYDRAULIC TABLES. CO- EFFICIENTS, and FORMULi 
for finding the Discharge of Water from Orifices, Nolches, Wail 
Pipes, and Rivers, By JOHN NEVILLE, Civil Engineer, M.K.I/ 
Second Edition, with eitensire Additions, New Formula;, Table 
and General Information on Rnin-iall, Catchment-Basins, El 
Sewerage, Witer Supply for Towns and Mill Power. With ni 
rous Woodcuts, Svo, l&r. doth. 

*,• This work contains a vast number of different 1 _ 
formula, and the moiit extensive and sLccurate tables yet pub 
for finding the mean velocity of dischai^e from triangular. " 
lateral, and circular orifices, pipes, and rivers ; with expe 
results and coefficients ; effects of friction ; of the velocity 4 
approach ; and of curves, bends, contractions, and expansions ; **^ 
best form of channel ; the drainage effects of long and shoit w 
and weir-basins; eitent of back-waler from weirs; cc ' 
channels; catchment-basins; hydrostatic and hydraulic \ 
water-power, &c. &c. 



Leuelling. 



A TREATISE on the PRI>fCIPLES and PRACTICEj 
LEVELLING; showing its Application to Purposes of R " 
and Civil Engineering, in the Construction of Roads ; wit 
Telford's Rules for the same. By Frederick W, Simms. 
F.G.S., M. Inst. C.E. Fifth Edition, very carefiilly revised, wilb 
the addition of Mr. Law's Practical Esamples for Setting out 



" One of ihe nnnl impgrlanl lem-boolts for 
somsly » quKtion coanccled with levellins for 
«hu would K satiafa^torily answcied by consalt 

" The leit-boBk on levelling iu mcbl of our 

" The publUhcrs have rendered a sut 



separate, price ^. 
Id there ii 
lugbihgi 



Tunnelling. 




PRACTICAL TUNNELLING ; explaining izi Detail the Srtl 
out of the Works ; Shaft Sinking and Heading Driving ; Ran 
the Lines and Levelling Under-Ground ; Sub- Excavating, Tinibe 
ing. and the construction of the Brickwork of Tunnels ; with the 
Amoimt of Laboor required for, and the Cost of the various Por- 
tions of the Work. By Fredk. W. Simms, F.R.A.S., F.G.S., 
M. Inst. C.E., Author of "A Treatise on the Principles and 
Practice of Levelling," &c. &c. Second Edition, revised by W. 
Davis Haskoll, Civil Engineer, Author of " The Enginecr'i 
FicJd-BooIc," &c. &c. With i6 Urge fohiing Plates and numeraui 
WooAeat% Imperial 8vo, if. iJ. cW'h. 



WORKS PUBLISHED BY LOCKWOOD & CO. 9 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS ; intended for the Assistance of Engineers, 
Iron-Masters, Millwrights, Architects, Founders, Smiths, and 
others engaged in the Construction of Machines, Bnildings, &c. ; 
centring Practical Rules, Tables, and Examples, founded an a 
series of New Experiroents ; with an Extensive Table of the Pro- 
perties of Materials. By the kle Thomas Tredgold, Mem. Inst. 
C.E., Author of "Elementary Principles of Carpentry," " Histoiy 
of the S team-Engine," &e. Fifth E^Jition, mudt improved. 
Edited by Eaton Hodgkinson, F.R.S. ; lo which are added 
EXPERIMENTAL RESEARCHES on the STRENGTH and 
OTHER PROPERTIES of CAST IRON ; with the Develop- 
ment of New Principles, Calculations Deduced from tliem, and 
Inqniries Applicable to Rigid and Tenacions Bodies generally. By. 
the Editor. The whole illustrated with 9 Engravings and nume- 
rous Woodcuts. 8vo, lis. cloth. 

\* Hodgkinson's Experimental Researches on the 
Strength AND Other Properties of Cast Iron may be hod 
separately. With Engravings and Woodcuts. 8vo, price 61. doth. 

The High-Pressure Steam, Eitgine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plau, Mecklenberg. Translated from the German, with Notes, 1^ 
Dr. Pole, F.R.S., M. Inst. C.E,, &c. &c With 28 fine Plates, 
8vo, i6j. 6rf. cloth. 

[c this, which jotis thoroughly in 
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Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for Betting out Curves from 5 to 200 Radius. By ALKXANUBk 
Bkazeley, M. Inst. C.E. Printed on 48 Cards, ajid sold in a 
doth box, waistcoat- pocket size, price 3J'. (a/. 
"Esch lalilc ii primed oDBanull card, »hich, being placed on the theodctili, laves 
of work. They are clearly primed, and commclly filled into a snull_^Qise for the 

Laying Out Cttrves. 

THE FIELD PRACTICE of LAYING OUT CIRCULAR 
CURVES for RAILROADS. By John C.T-bj,w>nvrtl,':ls.., 
of the United Stales (extracted froni SuiNis's "^otV OTi^^NcStosgi- 
8vo, §1. sewed. 



lo WORKS PUBLISHED BY LOCKWOOD & CO, 

Estimate and Price Book. 

THE CIVIL ENGINEER'S AND CONTRACTOR'S B 
MATE AND PRICE BOOK for Home or Fordgn Sep 
in reference to Roads, Railwa.fs, Tramways, Docks, Had 
Forts, Fortifications, Bridges, Aqueducts, Tunnels, Sewers fl 
works, G^works, Stations, Barracks, Warehouse^ &c. 8 " 
With Specifications for Vermanent Wajr, Tel^raph I" 
Plant, Maintenance, and Working of a Railway) and a Pi 
of Machinery, Plant, Tools, Sc., required in the eicculion of 
Works. By W. Davis Haskoll, C.E. Plates and d 
Woodcuts. Publislied annually. Demy Svo, cloth, &r. 



" As funiLship^ a variety of data 



^ 



iruod perhaps iinrivflUed." — Ai 
"The care wilh which Ihe parlicubra arc arran^d reflects credit npoa dl 
each Bubjeci bdng divided iiilo tabJei under the^ own spemal head^ MI 
difficulty ariBCB in fiodniB the exact thing one wanta. The value of tbe HI 
student and the experienced onlractur is inestimable." — Mediant i Ma£, 
"Mr. Haskoll has bestowed very great care upon the preparjktioa of his 
qnd prices, and the work vt, one which appears to us ta be in every way des 
eonfidenci!."— fauUc'i Wtikty Repsriir, Jan. 37. 1S7I, 

"Hr. Haikoll's book will prove of the uDnost posiible uliEty 
The pamculars are equally adapted to all branches of engineennj 
which the fpecifications are given leaves nothinc 10 be desired, ai 

engineers they will prove invaluable. Even in Ue hands or those having: 

rience the book will often serve 10 call aitention la matters which in ths 
cadmatinA mighl otherwise be fbraotien. It inaltogetheraw* 
en^neera wdl tare tube without. ^-^W«m£- Jramtel, Feb. u 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to ita 
Preparation of Plans for Roads and Railways, Canals, RivO^ 
Towns' Water Supplies, Docks and Harboure ; with Descrijpdoft 
and Use of Surveying Inst niments. By W. Davis Haskoll, C.E., 
Author of "The Engineer's Field Book," " Examples of Bri^ 
aodViadua Construction," &c. Demy Svo, price lat. (id, id^ 
with 14 folding Flates, and numerous Woodcuts. — 

and^u'u^e lSn-b;Mll''-i»uW;i.™ly ™i^™°°™™ " " * ^"^ 

mtoQio^ble 10 the meanest capacity, tl is in this that Mr. HadioU eiceli. Ua ta 
knowledge and upeiience, and can so give eniRsHOD 10 it as to make any nuutir ga 



isonewhichmay be safely recomDe^ded to all students who afliire lo bectune dCM 
and expert ■utveyurs ; and from the exhaustive manner in which Mr. Hs^oD hs> 
f^Kod nix long experience at the disposal of his readem, theta wQl heDoefbrlh fa* pa 
Bxajse fw the coniplaint that young Dracu^oncn ue Btadisadvanfafa^thnucTidM 
myfccf of their Beniors to point out the imoortaoct o( mriuie Aa^t,«n«thu|.a| 
resrfiVi'suppIy the deficiency by iho study of llie voVime nu" v 
Mi«,-Hg-%Hmal, May s. 186S. 



Fire Engineering. 

riRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Manual and Steara Fire-Engines, their Construc- 
tion, Use, and Management ; Remarks on Fire-Prouf Build- 
ingB, and the Preservation of Life from Fire ; Statistics of the Fire 
Afqiliances in English. Towns ; Foreign Fire Syalems ; Hints for 
the formnlion of, and Rules for, Fire Brigades ; and an Account of 
American Steam Fire-Enfiines, By Chahi.es F. T. Young, C.E., 
Author of " The Economy of Steam Power on Common Roads," 
&Ct With Dumerons lliustratioDS. Diagrams, &C:., handsomely 
printed, 544pp., demySvo, price 1/. 41. doth. 
^^ " A large wretl-filLed and useful book upon a subject which posoKsa wide and 
rKKuinEpQlilu: intercsL, .... To such of our readers a& are inlerealed in (be 

■^Betofliiet and file apparaluswean iniHEhEiinily commenil thisbooli 

itisreally theonly Engli&h wQrk we now have upon die BubjecL''"'£i^c«^«Jia', 
^ Ht, Youn^ has proved by his presenl wofk that he ii a ffood ensinecr. and pos- 
'"1 of sufliciaillitciafy energy to produce a very readable aod inlerestiii£ volume." 

n, tbtm aJl ^le elements, i^ to Ije dreaded m a freat CLCy, and Hr- Toun; 
e* hearty thanks for the elaborate pains, beoevoLeDt spirit, wzientiGc knowledge, 
' ' rpoutlon he has brought to bear uptm the subject; Hid hif Bubstandal b»k 
t with £uljAtajitial success, for it concerns every one who has even a shhi 
la m-t fireproof." — -liiHStrated London I^ews. 

tA* a the prDducUDO uf an eamcfit and diluent wtitu who eemcii id the tail: be 



S^jliSM 



. Tlie style of the work [a admirable. .... It has the su^assiue 
rheine thoroughly telbble."— /M.-Jira^rt Hicsrii. 

at Mr. Young's treatise is an exhaustive one will be admitted when we sWte 
Hi^t iiM been left unnoijcei ^"fnim'Si^ amount ™%e most van ed^miation 

ftrm'a history Ml'S'abid;ng''"int«e°?' CrtlTt otSt'ls"™ques°li3S5' d^e \^° 
.Voune for having brought before the public the results of his exploration in this bitherto 
VDtmdden field. We sironely recommencl the book to the notice of all who arc in 

■Marihwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Ai.EX. J. S. Grahaj*, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagranis- iSmo, is, bd. cloth. 
; "Wocancoidially teconuuendlheworfc to the notice of our renders. "—SwWiiw 

' "As B really bandy book for rcrerencc, we know of no work equal to it ; and the 
TVhvay engineers and others employed in the measurement and calcuktion of earlh- 
-work will find a great amount of pratlical infoimation vciy admirably arranged, and 
sv^lablc for gencial or rough estimates, as well as for the more exact calcula fl oBa 
required in the engineers' contractor's offices." — Artisixri. 

" The object of this little book ic an investigation of all the principles requisite for 
Ibe maasurement and calcutationorEarthworks. and a consideration of the data necet- 
suy for such operations. The author has evidently bestowed mucht^arc In elTecting 

AitivEO ffo'iu practicaJ experience. The subjects trcalei ai lie jKConi^«.ti«*>>a^ -tS.- 
KxecuUd diagt!tms anfl instructive examples. — Army and NaTy C^--"' 
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WURKS PUBLISHED BY LOCKWOOD & CO. 



Field- Book for Eftgineers. 



THE ENGINEER'S, MINING SURVEYOR'S, and COS- 
TRACTOR'S FIELD-BOOK. By W. D*vis Haskoll, Civil 
Engineer. Second Edition, niueh enlarged, consisting of a Seiia 
of Tables, with Rules, Explanations of Systems, and Use of TIWM 
doiite for Traverse Surveying and Plotting tlie Work with i^MM 
accuracy by means of .Straight Edgeand Set Squareonly; I.niEl^| 
with the Tlieodolitc, Casting out and Reducing Levels lo Dttrifl 
and Plotting Sections, in the ordinary manner; Setting out CttM 
with the Theodolite by Tangential Angles and Multiples with Ri{|U 
and Left-hand Readings <^ the Instrument; Setting ont Curves 
without Theodolite on the System of Tangential Angles by Sets of 
Tangents and Offsets ; and Earthwork Tables to So feet deep c»l- 
culated lor every 6 inches in depth. With niunerous vrood-cntl, 
izmo, price ixr. cloth. 
"A very useful work far the practicnt engiriecr and surveyor. Every pcnv 



engaged id enBineenng field DperaciaDa will e&dmatB the inpnrtnnc 
pjid uie aajDunt ot valuBbk dmc hhich will be savtd by reference to 
t^lcE prepared with the accuracy and fulaeaa of Lhc>» givoi iu thia 

" The boali is very handy, and the author might have 
" ■ cs and tangeuu ta every m' ' " '" - ■ ■- *■ ' 




in of Mr. HasLoU-s ■ Field Book' 



Railway Engineering. 

THE PRACTICAL RAILWAY ENGINEER. 



1 



Public Traffic ; embracing an Account of the Principal Works a 
[:uted in the Construction of Railways ; with Facts, Figunea, ami 
Data, intended to assist theCivil Engineer in designing and execiitiiif 
the important details required. By G. Drvsdale Demfsev, C.E 
Fourth Edition, revised and greatly extended. With 71 doubli 

Siarto Plates, 72 Woodcuts, and Portrait of Geohge StephensOM. 
ne large voL 4to, j/. 12J. (>d. cloth. 



THE DESIGN and CONSTRUCTION of HARBOURS. Bj 
Thomas Stevenson, F.R.S.E., M.LC.E. Repnnled and en- 
laigeAhaia the Article "Harbours," in the Eighth Edition of "Ttx 

£DC^opxdia Britannioi." ViVCh 10 T' " ' " "" 

Svo, lar. 6d, cloth. 



3 



WORKS PUBLISHED BY LOCKWOOD & CO. 13 

Bridge Cotistructiott in Masonry, Timber, and 
Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON; consisting of 
46 Plates from Che Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, witti 
theadditionof 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams. Imp, 410, price 2/. izr. &/, 

the pment naiure by a man of Mr. H^iikotrs exp 
fr hundrcdB. Hic lablts of csLjicatcs appended ta thii 



"We must express our cordial approbation nf ihe worUcLst issued by Mr. HasltolE. 

hnes of tiK kingdoni, and Iheir details may canBequcnlly 

may be added uficfuUy to the library of cvflrjryounf 

carefutiy drawn to useful scales of pin>- 



COOBlnictuin od the difierL.. .... 

b« safety followed." — Rail-ajay 



Mathematical and Drawing Instruments. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Enrineer, 
Architect, and Surveyor. By FREDERICK W. SiM.MS, F.G.S., M. 
Inst. C.E., Author of "Practical Tunnelling," &c. &c Third 
Edition, with a Description of the Theodolite, together with Instnic- 
lions in Field Work, compiled ibr the use of Students on commenc- 
ing practice. With numerous Cuts. 121110, price y. bd. doth. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edllioo, with 
Plates. Imperial 8vo, price S;. cloth. 

\* Tlif small i-rmaimng slack of /his werk, TOhick has San un- 
eblainabU for seme lime, /lai Jus/ ieert fiiircAaseJ fyLocKVlooD & Co. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watsom 
Buck, M. Inst. C.E Second Edition, corrected by W. H, 
Barlow, M. Inst. C.E. ImpEiial Svo, 12s. cloth. 
"The standard t«:t-hoak far all engineers i^pirding skew arches, is Mr. Buck's 
treaEUe, and it would be impossible to consult abetter," — Enginrrr. 

"AMrycofflpiele trearise on the suhjett, te-e*lpa\i-j ^t.'ftaAow.-ilwi'sas.^^w^ 
ro It a Bietibnd a? mailing Ihe rcquiiitc calculnliona witowu. to: -ae >A «' 



14 WORKS PUBLISHED BV LOCKWOOD & CO. 

JVeale's Series of Rudimentary Works. 

ThenB Wghljr popular and cheap Ssriaa at BnokB, now c 
upwards o( Two Hundred and Fifty dlelinot WoilLa in aim 
deiiutmeDC of Balance, Art, and EiJocatlcin, are reaommend 
nados of Engineers, Aiehitecta, Builders, ArtissnB, and Sladi 
rally, as well AB to those luterseted in Workmen's I^ibrariel, ; 
labrsIlBB, Literary and BoientliQ Institutions, OollegsB, Bol 
Glasses. Ac,, fto. Iilsts ol the acYernl BerlGB may ba bad a 
to I.OaKW00Q ft OO. 

The fellawing is a Sdietian of the Works on Civil Engineering^ 
STEAM ENGINE. B; Db. Laidkeb. ii. 
TUBULAR AND IRON GIRDER BRIDGES, including ihe 1 

Conway Bridges. By G. D. Dempsev. ij. bd, 
STEAM BOILERS, their Constniciign and ManagnnniU By R. 

WiUiAddilLoDS. «.&/. 
RAILWAY CONSTaUCTlON. By Sir M-Sthphhusok. X^m SJit, 
STEAM ENGINE, Malhcmatical Theory of. By T. Bakbh. ii. 
iENGINEEE'S GUIDE TO THE ROYAL AND MERCANTILE : 

By a Pnclicol Engineer. Revised by D. F. McCakthv. 31. 
I.IGHTHOUSES, thi^ CanSmcdan and ILLiuninaliiln. By Alan StsVKI 
CRANES AND MACHINERY FOR RAISING HEAVY BODIES, 

Craalrucling. ByJ. Glynb. ij. 
CIVIL ENGINEERING. By H. Law and G. R. Bunt 
DRAINING DISTRICTS AND LANDS. By G. D. Ds 
DRAINING AND SEWAGE OF TOWNS AND BUILDINGS. 

G. D. Demi 
WELD^INKING, BORING, AND PUMP WORK. By J, G. Swii 

RcviiedbyG. R. Bi'B -- 

ROAD-MAKING AND MAINTENANCE OF MACADAMISED ROAOS 

ByGsN. SiRj, BUBGOYKE. 31. 6rf. ^ 

AGRICULTURAL ENGINEERING, BUILDINGS. MOTIVE POWERS 
FIELD MACHINES, MACHINERY AND IMPLEMENTS. By & » 
Andrews, CE. 3.. 31 

ECONOMY OF FUEL, By T. S. Peideaus, ts.6d. 

EMBANKING LANDS FROM THE SEA. By J. Wic 

WATER POWER, as applied 10 Mills, &t ByJ. Glynw. 

GAS WORKS. AND THE PRAOTCE OF MANUFACTURING AID 
DISTRIBUTING COAL GAS. By S. Hoobe.1, C.E. 31. 

WATERWORKS FOR THE SUPPLY OF CITIES AND TOWNS. 
Hughes, C.E. ji, 

SUBTERRANEOUS SURVEYING, AND THE MAGNETIC VARIATKH 
OF THE NEEDLE. By T. Fenwick, with Addidoiu by T. Bakes, v.fi 

CIVIL ENGINEERING OF NORTH AMERICA. By D. Stk 

HYDRAULIC ENGINEERING. By G. R. B 






D TORRENTS, with liie Method of ReguladiK tluJr C 

HangableCanal^&cfromlheltaJiaDoCPAULFuBi. u. 

COAL AN] 

s,M.I.CE. 



CbsDiiels, Nangable Canal^ & 
COMBUSTION OF COAL AND THE PREVENTION OF SMOKE, 1 

C WVR WlLLlAHi 

WATER POWER, il 

UARINE ENGINES A) 

Afvuur, CE. Fifth Ediiion. jjr. 
ENGINEER'S GUIDE TO THE ROYAL A^Ti ■Nl^.^^XKYVUfSKK 
By » PsACTiCAL ENCifean. Revised VjD. P.WceM-cm. 
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ARCHITECTURE. 



Consiruction. 

THE SCIENCE of BUILDING: an Elementary Treatise on 
the Principles of ConstmctiDn. Especially adapted to the Re- 
quirements of Architectural Students. By E. WVNDHAM TARN, 
M.A., Architect. Illustrated with 47 Wood Engravings. Demy 
8vo, price 8j. &/. cloth. \Recetttly ptibliifad. 

" A very raluabLe book, which »e strongly recommend Id »11 s\.v&rsta."—BuUdir. 

" A modejl »nd valuaUe book of tefmnce for the studtaL ... The fonaulic will 
tefouod perfectly inielligiblEimdaKUlable by the class for who in [hey are Imeoded."— 

"WhUe Mr. Tam's valuable liiUe volume is quiie aufficienlly wienafic to answer 

^e diagrams arc numerous and CTfCcedlngly well ei<eciUed. and the student who has 
been warned not 10 read *inia3] prinl at night may safely study the present volume, as 
the type IB bold and clear, and the leltcrinE of the equations and formulffi so separated 
from the immediate text, that they can be at once identified and distinguished. The 
trestise dues credit alike to the author and the publisher."— fx^/nofr, Feb. %t, iB?!. 
utal student should be without this hand-bonk of constructiaail 

"Hie bonk is very (or from bdng a mere compiration ; it is an able digest of 
mutioH which is onty to be found scattered through various works, and CODtJiina 
re really original wriline thai " '--■-'■------ -■-■- - *.-. 



itudcnts. The hook isdeorly 
printed in bold type, the wood-cuts Are aU well execnied, and Che work ijioadeof a 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for ViUa Residences in virions Styles. With 
Detailed Specifications and Estimates. By C, WiCKES, Architect, 
Author of " The Spires and Towers of the Mediseval Churches c* 
England," &c, ^rst Seiies, consisting of 30 Plates ; Second 
Sencs, 31 Plates. Complete in I vol., 4to, price 3/. lor. half 
morocCo. Either Series separate, price {l. "js. each, half morocco. 
"The whole of the designs bear evidence of their beiug the work of an artistie 
ftidulect, and they will prove very valuable and suggestive to architects, sttitieocs, and 

T'he Architect's Guide. 

THE ARCHITECT'S GUIDE ; or, Office and Pocket Com- 
panion for Engineers, Architects, Land and Building Surveyors, 
Contractors, Builders, Clcvks of Works, &c By W. Davis 
Haskoll, C.E., R. W. Billings, Architect, F. Rogers, and 
P. Thomfson, With numerous Experiments by G. Rennie, 
C.E,, &c. Woodcuts, iimo, cloth, price y. td. 

Vitruviui Archil 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gv)\v.t, T.*5,.K-, "SS-*.-.'5>- 

iVumerous Pfales. l2mo, clolli \imp, ■ptict ^i. 
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The Young Architect's Book. 



i 



HINTS TO YOUNG ARCHITECTS; comprising AdricsB 
those who, while jet at school, are destined to the Profesdon flL 
such as, having passed their pupilage, are about lo travel ; and W; 
those who, having completed their education, are about lo practiie. 
By George Wightwick, Architect, Author of "The Palace of 
Architecture," &c. &c Second Edition. Withn 
cuts, Svo, 71., extra cloth. 

Drawing for Builders and Studetits: 

PRACTICAL RULES ON DRAWING for the OPERATl 
BUILDER and YOUNG STUDENT in ARCHlTECTUig 
By Georgk Pyne, Author of a " Rudimenlary Treatise o 
spective for Beginners." With 14. Plates, 4to, 7r. 6d., \ 
COKTKNTS.— I. Piaelical Rules on Drawing— Oullines. It. Ditto— the Q 

and KamaD OrderE. 111. Prauica] Ruli» on Drawing— Perspecun; ~ 

Rules on Light and Shade V. Fiaclical Ruin od Colour, 8lc &c 

Cottages, Villas, and Country Houses. 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and 
Country houses; being the Studies of several eminent 
Architects and Builders ; consisting of Plans, Elevations, and Si 
spective Views ; with approximate Esrimales of the Cost of ^ 
In 410, with 67 plates, price i/. u., cloth. 

"Wealis Builder's and Contractor's Price jBm 

THE BUILDER'S AND CONTRACTOR'S PRICE I_, 
(LocKWOOD & Co.'s, formerly Weai.e's), Published Anniiif 
Containing Prices for Work in all branches of the Building T 
with. Items numbered for easy reference, and an Apper ' 
Tables, Notes, and Memoranda, arranged to afford detaJlei 
mation, commonly requited in preparing Estimates ° " 
Edited by the late Geo. R. Burnell. C.E., &c. 

With its aid the pticea for all work connected with the building tt^e may I 
mated." — Buitding Ntw5. 
" Carefully revised, a^cDJrahly arranged, and clearly pnnled 

able. Ardiab°e'S^i"orroferaicc'in°the evenT'of'a dL-pute 
employed." — EngiKar. 

'^Well done and rdiahle. It is the duly of a just cridc to point fmt wlierv latf* 
iDPTOvomcnl can be made in any wor^, but Mr. fiumell haA anticipated all otnediDiii 
in hil deu-ly-prinled book. We tbererore recamnicnd it to all licaiiches of tlH pro- 
feiuan. '—En^isk Mukattk. 

"Mr. Buniell has omitted nolhing fiom this •rork that could tend In rendo- il 
Tahiable to the builder or contractor. — MtckoJiie's MagasiHi. 

" Well done and reliable. It it the duty of a just oritic 10 ftoLnt out whei« any 

iohiii c^dy printed book, v/e thHcJort itxxnwosaA \v Vd i^\ ^nvkchn ct ihe 
pni/'esslon."—£ng//iA Mrchanic. 
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Handbook of Specificatiofis. 

THE HANDBOOK OF SPECIFICATIONS ; or. Practical 
Guide to Ihe Arehitecl, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. Preceded by a Preliminary Essay, and 
Skeletons of Specifications and Contracts, &c., &c., and explained 
by numerous Lithograph Plates and Woodcuts. By Professor 
Thomas L. Donaldson, President of the Royal Institute of BritiA 
Architects, Professor of Architecture and Construction, University 
College, London, M.I.B.A., Member of the various European 
Academies of the Fine .i\rts. With A Review of the Law of 
CoNTKACTS, and of the Responsibilities of Architects, Engineer^ 
and Buildeis, By W. CtiNNiNGHAM Glen, Barrialec-at-Law, of 
the Middle Temple. 2 vols., 8vo, with upwards of 1 100 pp. of 
text, and 33 Lithographic Plates, cloth, 2/. ar. 

" In Ihese two valumra of t,idd paeEs (Ugclher), farty-rour specificilions oT execulcd 
works are given, Including Ihe spcdficalions (oi parts of Ihe new Hnises of Piclnnieiit. 
by Sir Charia Bany, and for Ihe rew Royal EigtiaoBe, liy .Mr. Tile, M.P. Tin 
Iltlcr. in panicular. Is a very complete and remarkable document. It emtwdiel, In a 
gnu extent, aiMr. Dnnaldson tnenlions, 'ihe bill oT quantities, with the deacnption 
of the works,* and occu[nes more than loo printed p^fes. 

"AmonfEl the other known buildings, the spccincatioos of which are eiven, 
the Willslnre Xjinntic: Asylom (W^lt and Bmnaon) ; Tolhill Fields Prison TK- A 



S-. IhcrHigh School, Edioburgh (KamiKiin) ; 
snington Colleee. Sardhunt (J. Shaw) -. 



aotbwotkcrs' Hall. Lon.. ...,„,. ... _ ._ . . 

Houses in Gro^venor Square, aod elsewhere : St. Georae's Churt:ii, uui 

(Scott) ; several warkt of smaller slie by the AutW, includiog Meun. Shaw't 

hmuc in Fetter Lane, a very successful elevation ; the Newcaitle-npon-Tyne Railway 
SuiJoD (J. Dobsoo) : new Weslmiosiei Bridge (Pagel : the High Level Bri^, New- 
caHle |R. Stcphenwn) ; various worki 00 the Great Nonheni Railway (Brydone) i 
aod one French specification for Houses io the Rue de ELivoli, Paris (MM. Armand. 
HitlDiir, Pcllechei, and Rohault de Fleuty, irchilects). The last is a very elaboiatc 
composition, occiipying seventy pages. The majority of the apecilicarions have iUus- 
imtionsin the shafK cJelevationa and plans. 

"We are inoat glad to have the present woil:. It is valitable as a record, and more 
nloilble still as a book of precedents. 

" About 14a paged of the second volume are appropriated to an e>:positian of the 
lawinrdalioD to the legal liabilities of engineers, architects, conlraclim, and buildctj, 
^ Mr. W. Cuonmghani Glen, 6arrister-at-law ; intended rather fur those penons 
than for the legal practitioner. Suffice it, in conclusion, to say in words what our 

DonaUson'i Handbook of Specification) must be bought by all arebitects."—jBnl/rr. 

Mechanical Engineering. 

A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING : comprising Metallui^, Moulding, Casting, Foi^:ine, 
Tools, Workshop Machinery, Mechanical Manipulation, Manufac- 
ture of the Sleam Engine, &c. Bfc With an Appendix on the 
Analysis of Iron and Iron Ore, and Glossary of Terms. By Francis 
CAMPtN, C.E. Illustrated with 91 Woodcuts and 28 Plates_ of 
Slotting, Shaping, Drilling, Punching, Shearii^, and Riveting 
Machines — Blast, Refining, and Rcverberatory Furnaces — Swa.-m 
Engines, Governors, Boilers, Locomoti-its, &LC. Tiewi^%^o,^«<**7 
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Granthavis Iron. Skip-Building, Cfiiarged. 

ON IRON SHIP-BUILDING ; with Practical Exaraides l 
' Details. Fifth Edition. Imp. 410, boards, enlarged from 14 taa 
Plates (ai quite new), including the latest Examples. T 
with separate Text, l2mo, cloth limp, also con^erablj e 
By John Grantham, M. Inst. C.E., &c Price 2/. 31, a 






. AoglE-I 



, iLllcd 



or Building, 

Fliuih. aod LajnKd JainlE, with 
Single and Doubfe Rtvctinf;. 

7. PUtingp three plao^ ; EulkheatU and 
Uades at SccuiiDE IhcRL 

3. Iron Masts, with Lon^Ludiiisl and 

g. SlidiDgKcel, Water BaUasI.Mi>uldinE 
the FraiDoa in Iron Ship BuQding, 
LEvclHog Plates. 

TO. LDDgitiHliiuil Section, and Half- 
breadlh DecV Plan of Large Vessels 



£(trf in Sectinn, "with EnTvlc^ 
Stem Frame far Sciew, and Rudder. 
14, Large Kfue/. showing Details— ^^- 
liSt iS-rrtii™, half breadth. 
;. Machiius for Pundiine and Shearing 
Plates and Angle-Iron, and far 



Description of F, 
Js, Stem and 154. Duuble Lever Ponching and She»rii« 
[Pieces. Machine, aFranged for cuf^' 

gs, and BUge Aoglc and T Iron, with Diyii 

Ceelsons.Decfc "" ' ~ ' 

'Lower Seeks, 
1, Bulb 




,je Eoom.ai ___ 

. 1. PaddleSuamVeoelofSied^ 
. .S-car^nWfil-Paddle Vend of ■ 
I-9, Fropoficd FasKogdr Steaoo^fl 

^on oT EuSf' 



. Mii^p 'S< 



of H.M. Slean 

Frigate, Hercules. 
Stem, Stem, and Rudder b( K.U. 
Steam Frigate, BsUtrvf/itH. 




Aahirfj' ftr Diaoj- years, and whose qualiS 
Hi Ttcatnmeati it as one 1 ' -----' --'-* 
Mu^jyavj- CBtrtU, July 1 



most valuable addition to the Imtory 
spared by one who has nude the Aub^ecl 
^.-. — 1 1 Te^eatedt|f recogr" — ■ 
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CARPENTRY, TIMBER, &c. 

Tredgold's Carpentry, nezv & enlarged Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framine, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. Towhich 
is added an Essay on the Nature and Properties of Timber, &c., 
• with Descriptions of the Kinds of Wood used in Building ; also 

numerous Tables of the Scantlings of Timber foe different purposes, 
the Specific Gravities of Materials, &c. By Thomas Thedgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates ( 1 1 of which now first appear 
in this edition), Portrait of the Author, and several Woodcuts. In 
X large vol., 4to, z/. zs. extra cloth. [Kicttilfy fuiiisked. 

" 'Trodgoid's CarptnEry^ ought ta be m ever? arcIiiEcct's and every builder's 
libfflrv, and those wha da not atpcBdy pns^e&a it ouglit to av^l themselves of the atw 
UiaeJ'—Buildn; April 9, 18/0. 



//mt, Feb. =s, 1B70. 
■"Tredgold's Carpenny' has ever held a high pusition, and Ihc issue of Ihc fifth 

brgo number of arlfcaiis who desire lo raise themselves in their business, and wbo 
seek to dn so by displaying a greaLcr amoutit of knowledge and intelligence tlian their 
fdlow-workmcn. It is as complete a work as need be desired. To the supertar 

which he will readily ccooprebend."— jHuiuk yinmal, Feb. la, 1871 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
»nd BUILDER'S STANDARD GUIDK By Rjchahd E. 
GrANDY. Comprising :— An Analysis of Deal Standards, Home 
and Foreign, with comparative Values and Tabular Arrangements 
for Fking Nett Landed Cost on Baltic and North American Deals, 
including all intermediate Expenses, Freight, Insurance, Duly, &c, 
&c. ; together with Copious Information for the Retailer and 
Builder, lamo, price "]!. 6a'. cloth. 
" Everything it pretends to be; built up gradually, it leads onefroin a forest to a 

■ ^ and th^wsin, a9aniflkeweieht,ahost of material coneetninE bricks, columns, 

'ass to Whom it appeals requires.'' — EttgiUJt Mecht 



iTinitspages, What we have tested 
!tt."—lllMlralt<iBuildc''i JimryaL 



dilsmt. &c-> 

" The only difficulty we have is as to what is 1 
of the contentSrtalcen at random, is invariably ci>r 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES; showing the number of Superficial 
Feet in Boxes or Packing -Cases, from six inches square and 
upwards. Compiled by William Richabdson, Accoimtant. 
OWong 4to, cloth, price 3j. 6rf. 
"Win save much labour and calculation to paclans-cawi!0,'i«rsaii4«Bnwv-«"oB'™i 
j m c k jp^ -aiscs. ' '^-Crecfr. " Invaluable labovir-bavmg ^^\t?0' — IronflvJ^ite*- 
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Nicholsoris Carpenter s Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of UNS? 
for CARPENTERS : comprising all the EJementaiy Prii " "^ 
essential for acquiring a knowletlge of Carpentry. Founded 
lale Peter Nicholson's stanJard worlc. A new Editioa, vaa 
by Arthur Ashpitel, F.S.A., t<^elher with Practical RidBi 
Drawing, by GboRGe PvnE. With 74 Plates, jjto, it. U. cM 

Dowsing' s Timder Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S CO 
PANION ; containing New and Copious Tables of the Roftl 
Weight and Measurement of Deals and Battens, of all sizes, &i 
One to a Thousand Pieces, and the relative Price that each ue 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Himdred ; the Price per Cube Foot of Square Timtier lo any given 
Price per Load of 50 Feel; the proportionate Vahie of D^ls and 
Battens by the Stanilard, lo Squire Timber by the Load qF 50 Fed * 
the readiest mode of ascertaining the Price of Scantling pel \i~ "' 
Foot of any size, to any given Figure per Cube Foot. A) . 
variet}* of other valuable information. By William Dowslj 
Timber Merchant Second Edition. Crown Svo, y. doth. 

would, with UK, ttnqoeadonably HvE a venrgTst deal ofUiuc -- 
perioct accuracy in ulculaCionn, lliere vi bIid miwheT clas.'^ be 
toposuuiL; we iTiBan all pCTHinB engaged in canning witw), \ 

lodeed every pcrton wbo has u do vilh vood ought 10 have iL" 



MECHANICS, &c. 



Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP Cffl 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT ; comprising a great variety of the raos 
useful Rules in Mechanical Science ; with numerous Tables of Prac 
tieal Data and Calculated Results. By W. Templeton, Aathoi 
of "The Engineer's, Millwrinhl's. and Machinist's Practical As- 
sistant" Tenth Edition, with Mechanical Tables for Operatiw 
Smiths, Millwrights, Engineers, &c. ; together with several Useftil 
and Practical Rules in Hydrauliia and Hydrodynamics, a variel) 
of Experimental Results, and an Extensive Table of Powers aiu 
Roots, tl Plates. Iimo, 51, bound. \'}ust ^bHtluJ. 

jaiiaoai\yma, TnuPLBToN'sCaHrAHiaH uindiunnvalled.'' — MfchiodiiMatat^ 
" Admirably adapted to tht wa 



., . ..iiAsbop, aiwe cm \taiiSy n 

ro ifJlo, ID a grcxt mesaaic, owe their [lie m\i!=lo ilvnW 



^B^SSS 



Engineers Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINISTS 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Airanged, with Original 
Matter, by W. Templeton. 4.th Edition. i8mo, aj. f>d. cloth, 

*' So much TAried ipformatiOD CDmpreGeiJ iDla so smal! a space, mid publi^cd at 

mand Ih? sic whidi it deserves, Wilh Uic utmost coidideDce we commend tldi boa 
ID the altenticm cf our renders." — Mechanics' Magnsinf. 



Designing, Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURING, and VALUING ARTIFICERS' WORKS; containing 
Directions for taking Diineiisinns, Abstracting the same, and brio) ' 
the Quantities into Bill, with Tables of Constants, and copi 
Memoranda for the Valuation of Labour and Materials in the 
pective Trades of Bricklayer and Slater, Carpenter and Joinei, 
Painter and Glarier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and several userul Tables for facilitating Calculations and 
Measurements. By E. WVNDHAM Taek, M.A., Architect. Sto, 
lOr. W. cloth. \Ji,st pHbtishid. 



told and clear, and the plales 



fe much mcrenscd Ihe UGeTutneK of the work, 
uc to tludenln. Finally, it is only just to tho . _ 
sen got up in excellent style, the fypoDnphy being 
^well executed."— £B«mwi-ins, March 14, iBji," 



Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in length, 
by 1 to 108 inches in breadth. For the use of ArchitiKts, SuiNtEi'STi, 
. Engineers, Timber Merchants, BuMevi, &,i;. "S-i ^(cs«s. -ft-KSH- 
KiNcs. Fcp. J/. 6J. cloth. 
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MATHEMATICS, &c. 



Gregory s Practical Math-attatics. 



MATHEMATICS fgr PRACTICAL MEN ; being a Comi 
place Bopk of Pure and Mixed Mathematics. Desngned c' 
far the Use of Civil Kngineers, Architects, and Snrveyois. " 
Pure Mathematics— comprising Aritlunetic, Algebra, Gee 
Mensuration, Trigonometiy, Conic Seclioiis, Properties of Cutvrs? 
Part 11. MixedMathzmatics— campriangMechanicsingenersl, 
Statics, Dynamics, Hydrostatics, Hydrodynamics Pneumalicl, 
Meclianical Agents, Strength of Materials. Willi an Appendix of 



lL: 



F.R. A. S. Enlaced by Henry Law, C.E. 4th Editio^ 




I 



icfrcahfain: 

Tile Metric System. 

A SERIES OF METRIC TABLES, in which the 1 
Standard Measures and Weights are compared with those of the 
Metric System at pre5ent in use on the Continent. By C. H. 
DOWLIHG, C. E. 8vo, lOJ. dd. strongly bound. 
' Mr. Dcwlirg'i Tables, whLdi are well put together. 



■ "ThtLr 

"JJeso/utioo a — ITial ad 
Ifctni; TtOa, by C. H. Dc 



I certified l>y 
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Inwood's Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freeiold, 
Copyhold, or Leasehold; Annuilies, Advowsons, &c., and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for ValuinE Reversionary Estates, Deferred Annnities, Neit 
Presentations, &c., logether with Smart's Five Tables of Coniponnd 
Interest, and an Extension of the same to lower and Intermediate 
Kites. By William Inwood, Architect, The iSth edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Compatations of the Interest of Money, Dis- 
count, Annuities, Sic, by M. FfenoR Thoman, of the Societe 
CtiAit Mobilier of Paris, izmo, 8j. cloth. 

' '," TAis fdUhn {the l%th) differs in many important particulivs 
from firmer ones. The changes consist, first, in a more coiannitnt 
and ^siemaiic arrangement of the original Tables, and in the remniai 
ofc^tain numeriad errors vikich a ^ery careJUt revision of the wkoie 
has enabled the present editor to discover ; and secondly, in the 
extension of practical ntiliiy conferred en the iBork by the introduelion 
.)>f Toilet nimi inserted far the first time. This new and important 
nialia- is ali so nmeh aetuaily added la lHV/OOD's TasijES ; notkisg 
, has been abstracted from the original coUectimi: so that those loho have 
Been long in the habit of consulting Inwood for any special profes- 
sional purpose viill, as heretofire, find the information sought still in 
its pages. 
^* Those interested m the purchase uid sale of estates, and in the adjuitment cif 
fiad the present edilioa of emuient KTvir:t."-^Enpnetri»g. 

"Hare ihan half ■ century has elapsed since Che first odidoo was publislied, yet 
' InvDod's Tables ' still mainl^ a most Enviable reputatum ; and when it UcoDsidcrcd 
that the new issue, the Eiehlcenth edition, baj been enriched by larae additional 
contiihutians by Mr. Pedcr Thomsn, at ihe Trench Credit Mobilisr, wbose carefully 
arrui£cd tables of losariihni& for the more diRiculi compatations of Ihe interest of 



the beak af tbaraui^Ii utility la all consuldng it. 'Ibis new edition will cenainlv be 

Compound Interest and Annmltes. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of L(^arithins for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their AppUcafions and 
Uses for Mercantile and State Purposes. With an elaborate Intro- 
duction. By FfeDOR Thoman, of the Societe .Credit Mobilier, 
Parts. l2mo, cloth, 51, 

"A very pcwerfut war^ and the Author has a very remai^cable eominaod of fais 
aiita."—Frv/aiBr A. de AfBT^n. 

Thomas's truly 'iaady-booW'—'Iievievj. 
"The nulbor of Ibis 'bandy-book' deaervia ourlJiMto."— IniunuictGairtU. 
"IK. recoaiineadi-1 10 Iho notice of actuaries and ac™i«Qntt."-At>wi«nu"- 



31 WORKS PUBLISHED BV LOCKWOOD & CO. 

" I/o Englishman ought to be without this 6ookj 

EVERY MAN'S OWN LAWYER; a Handy-Bc«k ofthetc 

cip!ci of Law and Equity. By A Barrister. "' 

carefully revised, including a SummaiT of the Ni 

Laws, the Fraudulent Debtors Act, Ihe Reported Cases d" 

Courts of Law and Equity, &c With Notes and References " 

Authorities, lamo, price 6j. Sd. (saved at evei 

strongly bound. 

Compriiing tht Rights and IVrsiigs of litdaiiduals, MercanliU anS Ct 
mtrcial Larw, Criminal Lmii, Parish Law, Counfy Ceurt lA 
Game and Fiskity Laws, Poor Mai's Lawsuits. 



Banbbuptcy. 



Also Law for 

QergyinHi, ChuTchwardsu. 
Medical Piaciiliimers, &c 




rirtiu, and savs his pocket rrom the dnaded conaulladoa f^ and the m 
MUs o( <sr,'a."—Cn,il SiniUi Gaittlr. May 13, lieS. 

"We have fcrund it highly sslis&clnry aj a work of authdtily and tefermi 
handy-book of infonnBtion. There u^ abuadaacD of cheap aiu nafe law in 



handy-book of infonnotion. T 
for ad who walll \l."—lleik. K: 

Auicful and coDdse eplomeoflhelaw. compili 



■•What 




